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I.  On  the  light  of  bodies  produced  by  fr'idiioji  5 
tranjlated  by  Mr,  Chambers. 

T  HE  new  phofphorus  difcovered  by  M. 

Bernoulli^  and  mentioned  in  the  preceding 
papers,  could  not  fail  of  raifxng  the  curiofity  of 
philofopliers,  and  efpecially  thofe  of  the  acade- 
my,  who  had  a  fort  of  right  to  a  difcovery  made 
by  one  of  its  members.  Among  other  expe¬ 
riments  on  this  head,  they  came  at  length  to 
the  light  which  certain  bodies  yield,  by  rubbing 
in  the  dark  ;  the,  refill t  whereof  is  as  follows. 

As  moft  of  thefe.  experiments  were  only  made 
on  bodies  which  yield  light  the  mo-t  eafily,  as  a 
cat’s  back  when  rubbed  againft  the  hair  in  win¬ 
ter,  or  fugar,  or  fulphur  pounded,  there 

are  certain  conditions  to  be  obferved. 

ift.  That  of  the  bodies  rubbed  againft  each 
other,  one  of  them  at  lead  muft  be  tranfparent, 
that  the  light  may  be  feen  through  while  it  lafts, 
which  ufually  is  during  the  time  of  friction. 

B  2  2d!y, 
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2dly,  The  furhice  of  the  two  bodies  mufl  be 
plain,  fmootn,  and  clean,  that  the  contadl  niay 
be  the  more  immediate. 

3dly,  The  two  bodies  mufl:  both  be  hard. 

4thiy,  A  great  denfity,  without  a  great  degree 
of  hardnefs,  will  alfo  have  its  effecH:.  Thus  M. 
Bernoulli  procures  light,  by  rubbing  an  amalga- 
ma  of  m.ercury  and  tin  upon  a  looking-glafs. 

5thly,  One  of  the  two  bodies  muft  be  as  thin 
as  pofTible,  that  it  may  be  the  eafier  heated  by 
friftion,  and  may  yield  a  quicker,  as  well  as 
brisker,  light.  This  M.  Bernoulli  tried  on  little 
copper-plates  of  different  thickneffes. 

6thly,  Gold  rubbed  upon  glafs,  appeared  the 
fitted:  of  all  metals  to  afford  light ;  but  no  body 
yields  fo^  exquifite  a  light  as  a  diamond,  which 
comes  nothing  behind  that  of  a  live  coal,  briskly 
blown  by  the  bellows  ;  nor  is  it  any  matter  how 
thick  the  diamond  is. 

t  • 

Hence  M.  Bernoulli  concludes,  that  Mr.  Bcyle^ 
notwithftanding  all  his  skill  in  experimental 
philofophy,  held  a  thing  to  be  a  kind  of  prodigy 
which  was  none,  viz,  a  diamond  of  his,  which 
yielded  light  when  rubbed  in  the  dark,  to  which 
he  gave  the  magnificent  appellation  of  adamas 
lucidus,  yet  had  not  this  any  particular  privi- 
ledge,  unlefs  that  irs  brightnefs  continued  a  few 
moments  after  the  fridlion,  which  we  may  add, 
was  the  foundation  of  part  of  Mr.  Boyle*s  efteem 
for  it. 

On  occafion  of  thefe  experiments  of,M.  Ber¬ 
noulli,,  M.  Caffini  the  younger  made  others  on 
the  fame  head  to  the  efi'ed'  following. 

ifl:,  A  diamond,  cut  table-ways,  being  rubbed 
on  a  looking-glafs,  yielded  a  light  almoft  equal 
to  that  of  a  live  coal,  and  which  even  appeared 
larger  than  the  face  of  the  diamond. 

2dly, 
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2dly,  A  diamond,  cut  facei-ways,  yielded  a 
lefs  vivid  light. 

3dJy,  A  crown,  and  fome  other  pieces  of  fil- 
ver,  yielded  lefs  light  than  the  facet-diamond. 

4thly,  A  copper  double  and  a  fol  yielded  very 
little. 

All  the  bodies,  in  the  fore- mentioned  experi¬ 
ments,  were  rubbed  upon  glafs. 

5thly,  The  table-diamond,  when  rubbed  on  a 
pjate  of  filver,  yielded  light. 

II.  On  fire-arms  differently  charged-,  tranf- 
lated  by  Mr.  Chambers. 

M.  Carre  informing  the  academy  of  fome  ex¬ 
periments  made  by  a  friend  upon  fire-arms 
charged  in  different  manners,  it  was  thought  pro¬ 
per  to  verify  them  *,  which  M.  Cajfmi  the  younger, 
accordingly  undertook. 

He  made  a  kind  of  macfiinc,  wherein  was  a 
piece  of  wood  armed  at  one  end,  with  a  pretty 
thick  plate  of  talc,  whereon  the  feveral  fhots 
were  to  be  received.  This  plate  was  made  mover 
able,  fo  as  to  give  way,  more  or  lefs,  according 
as  a  greater  or  lefs  impulfe  was  made  on  it;  and 
at  the  fame  time  fhew,  by  the  ftrudlure  of  the 
machine,  how  much  it  had  given  way. 

Now  from  the  experiments  made  by  M.  Caffini, 
it  appears,  iff,  That  the  putting  a  wadding  be¬ 
tween  the  powder  and  ball,  renders  the  effort 
the  greater  ;  the  reafon  is  evident,  and  accord-: 
ingly  we  find  it  the  common  pradice. 

2dly,  That  ceteris  paribus,  thofe  balls  which 
fit  exacffly  the  bore  of  the  piece  have  the  greatefl 
effedf,  by  reafon,  doubtlefs,  that  they  do  not 
come  out  fo  readily,  but  give  time  for  a  greater 
quantity  of  powder  to  take  fire. 
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3dly,  That  when  the  powder  is  rammed  vio¬ 
lently  down,  the  effort  is  no  greater,  but  rather 
fomewhat  lefs,  than  when  barely  preffed  down. 

4thly,  That  gun-powder  call  upon  the  ball, 
diminiflies  its  effecl :  the  reafon  may  be,  that  the 
powder  making  its  effort  every  way,  that  which  is 
upon  the  ball  muft  needs  give  fome  oppofition 
thereto,  by  adling  counter  to  the  motion  which 
fliould  bring  it  forth. 

5thly,  That  this  powder,  though  it  diminifli  the 
effe6l  of  the  ball,  increafes  the  noife. 

6thly,  That  the  fire  of  the  powder  under  the 
ball,  communicates  with  that  over  it,  even  though 
the  ball  be  exadlly  fitted  to  the  bore,  and  lodged 
between  tvvo  waddings :  this  appears  from  the 
great  increafe  of  noife. 

ythly,  That  taking  a  ball  fomewhat  lefs  than 
the  bore,  and  putting  but  little  powder  under  it, 
and  a  good  deal  over  it,  one  may  flioot  with  a 
very  great  noife,  but  no  fenfible  effedf.  They 
who  have  purchafed  fecrets  for  becoming  invul¬ 
nerable,  and  have  been  fo  cautious  as  to  make 
trials  thereof,  have  doubtlefs  been  impofed  on  by 
this  artifice. 

III.  Upon  flones^  and  p articular h  thofe  of 

the  Jea  3  tranfated  by  Mr,  Chambers. 

M.  Saulmon  making  a  tour  about  the  coafi:  of 
"Normandy  and  Picardy^  and  the  country  adjoin¬ 
ing,  had  occafion  to  make  fome  phyfical  re- 
fledions  which  he  communicated  to  the  academy. 

The  G diets  are  a  kind  of  pebbles,  commonly 
flat,  round,  and  always  veiy  fmooth  and  polifhed, 
driven  by  the  fea  upon  thofe  coafts.  It  is  ealy  to 
conceive,  that  their  figure  and  polifh  liad  arofe 
from  their  being  long  beaten  and  toft  by  the  waves„ 

and 
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and  rubbed  one  againft  another  ;  but  there  are 
ftore  of  them  likewife  found  out  at  land.  M. 
Saulmon  learned,  that  when  they  dig  their  cellars 
at  Caieux^  abundance  of  thefe  galets  tumble  in  ; 
and  that  at  Brutel^  which  is  a  league  from  the  fea, 
the  fame  thing  had  befallen  ;  upon  digging  a  well 
he  further  obferved,  that  the  mountains  of  Bon- 
nueil^  Broye^  and  Sluefnoy^  which  are  eighteen 
leagues  from  the  fea,  are  all  covered  with  ga- 
lets^  which  he  alfo  found  in  the  valley  of  Cler¬ 
mont^  m  thtBeauvaiJis  but  obferved,  that  there 
were  none  on  the  top  of  the  mountain,  which  is 
very  high. 

Among  the  galets  out  at  land,  there  are  feveral 
whofe  furface  is  very  rough  and  irregular,  befet 
with  points ;  and  what  is  more,  this  furface  is  a 
kind  of  bark,  or  rind,  different  from  the  reft  of 
their  fubftance  ;  yet  this  feems  to  be  their  natural 
ftate :  for  no  external  caufe  can  ever  have  invefted 
them  with  this  rind,  but  may,  on  the  contrary, 
have  ftripped  them  of  it ;  and  fuch  caufc  may  be 
a  long  and  violent  fridion.  Add,  That  it  is 
highly  probable  they  are  of  the  fame  fpecies  with 
pebbles,  which  have  a  like  rind,  confiderably 
thick,  and  of  a  chalky  confiftance, 

M.  Saulmon  makes  no  doubt,  but  that  all  thefe 
lands  were  formerly  covered  by  the  fea  ;  a  notion 
which  had  already  been  ftarted  in  the  hiftory  of 
1 706,  with  fome  of  the  arguments  which  feem  to 
prove  it.  To  render  it  ftill  more  probable,  at  leaft 
with  regard  to  the  country  where  M.  Saulmon  made 
his  obfervations,  he  endeavours  to  ftaew  by  thedif- 
pofnion  of  the  place,  that  when  the  feadidcover  it, 
the  currents  formed  between  the  mountains  with 
the  feveral  eddies  of  water,  muft  neceftarily  have 
thrown  the  greateft  or  \QdSlt  galets  into  the  places 
where  they  are  adually  found*,  for  it  is  obfcrvable, 

B  4  that 
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that  the  greater  and  fmaller  kinds  are  not  ufuaJIy 
intermixed,  and  diftributed  fome  on  the  one  fide, 
and  Ibme  on  the  other.  It  is  evident  upon  M, 
Saulmon^  fuppofition,  that  the  mountain,  whofc 
top  was  free  had  rofe  above  the  Tea,  and 

confequcntly  could  not  receive  the  driving  ftones 
upon  its  top  i  bur  to  determine  by  the  laws  of 
motion  of  bodies  circulating  in,  and  with  a  fluid 
the  fcveral  diftributions  of  gaUts  that  mufl:  have 
been  made  in  fcveral  places,  would  be  both  a 
topography  and  a  phyfiology  of  fo  nice  a  kind, 
that  we  think  it  ought  not  to  be  attempted.  We 
flial! only  relate  two  obfervations 2Sitv'Wi.Saiilmon, 

The  I  ft.  That  a  hole  1 6  feet  deep,  being  dug 
horizontally  in  the  beach  ot  Trefport^  which  is  all 
ftony,  difappeared  in  30  years  time  *,  that  the  fea 
had  eat  this  thicknefs  o\  16  feet  into  the  beach 
in  that  time.  Now  fuppofing,  that  it  always 
gained  at  that  rate,  it  would  dig  1000  fathoms, 
or  f  a  league  of  ftone,  in  12000  years  ;  and  i:  is 
evident  from  hiftory,  that  the  fea  has  really  ad¬ 
vanced,  or  withdrawn,  in  a  multitude  of  places ; 
and  that  it  has  a  general,  though  a  very  flow 
motion,  whereby  it  changes  its  bounds. 

2dly,  Flints  have  not  only  a  chalky  rind,  but' 
their  black  and  hard  fubftance,  which  is  properly 
the  flint,  may  be  fuppofed  to  have  originally  been 
no  other  than  cha  k,  which  had  hardened  by  de^ 
g'ees,  and  changed  its  colour.  M.  i^aulmon  pro¬ 
duced  flints  of  different  ages,  fome  whereof  had  a 
greater  or  lefs  quantity  of  chalk  ftill  remaining  in 
their  centre,  while  others  had  chalky  veins  dif- 
perfed  through  their  black  fubftance,  and  carried 
all  the  indications  of  their  having  arrived  at  their 
blacknefs  and  hardnefs  by  length  .  of  time.  He 
even  conjectures,  that  the  flints,  when  too  old, 
iqrn  rot;en  j  and  that  it  is  fuefi  as  thefe  we  find 

with 
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with  their  black  fubilance  turned  red(,lifh,  Jcfs 

firm,  and  as  it  were  rufty. - All  which  feems 

to  rahy  with  the  fyftem  of  ftones  arifing  from 
feeds. 

IV.  Of  ail  epctraor dinary  cure  peiformed  hy 

a  concert  of  mujick. 

An  eminent  mufician,  who  was  a  great  coni- 
pofer,  was  feized  with  a  kver,  which  fhill  in- 
creafing,  became  continued.  On  the  7th  day  he 
fell  into  a  violent  delirium,  having  hardly  any  in- 
termilTion,  attended  with  cries,  tears,  terrors,  and 
a  perpetual  want  of  deep.  The  3d  day  of  this  de¬ 
lirium,  one  of  thofe  natural  in[lind;s  which  is  fiid 
to  make  animals  feek  for  thofe  herbs  which  are 
proper  for  them,  made  him  defire  to  hear  a  little 
concert  in  his  chamber  ;  it  was  with  much  diffi¬ 
culty  that  the  phyfician  confented  to  it.  They 
played  to  him  the  cantata’s  of  M.  Bernier.  From 
his  firft  hearing  them  tune  their  inftruments,  his 
face  aflumed  a  ferene  air,  his  eyes  were  compofed, 
the  convulfions  entirely  ceafed,  he  ffied  tears  of 
pleafure,  and  his  fenfes  were  affedied  with  the  mu- 
fick  in  fuch  a  manner,  as  he  never  felt  before  nor 
fince  the  cure  *,  his  fever  ceafed  during  the  whole 
concert ;  but  as  foon  as  it  was  ended,  he  relapfed. 
They  did  not  negledt  to  continue  the  ufe  of  this 
unexpededly  fuccefsful  medicine  *,  the  fever,  and 
delirium  always  fufpended  during  the  concert  and 
mufick  was  become  fo  neceffiiry  to  hiro,  that  in  the 
night  he  made  a  relation  who  watched  with  him, 
both  fing  and  dance,  though  her  afflidlion  made 
it  difficult  for  her  to  comply  with  him.  One 
night  among  the  reft,  when  none  but  his  nurfe 
was  with  him,  who  could  only  fing  one  miferable 
ballad,  he  was  forced  to  be  content,  and  even 

re- 
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received  fome  benefit  from  it.  In  fhort,  lo  days 
rnufick  quite  cured  him,  without  any  other 
affiflance,  except  bleeding  in  the  foot,  which  was 
the  fecond  time  this  liad  been  done,  and  was  fuc- 
reeded  with  a  great  evacuation.  M.  Dodart  re¬ 
lated  this  hidory,  which  he  had  well  attefled  :  he 
docs  not  pretend,  that  this  ought  to  ferve  as  an 
example  or  a  rule,  but  it  is  pretty  curious  to  fee  in 
a  n:i3n,  whofe  very  foul,  if  I  may  fo  fay,  was 
become  harmony,  by  a  Jong  continued  cuftom, 
how  concerts  by  degrees  reftored  his  fpirits  to  their 
natural  courfe.  It  is  not  likely  that  a  painter 
vyould  have  been  cured  thus  by  pi6tures ;  paint¬ 
ings  have  not  fo  great  an  influence  as  rnufick  over 
the  motions  of  the  fpirits,  and  no  art  in  this  re- 
fpcfl  can  equal  it. 

V.  Of  the  multiplication  of  animalcules, 

A  philofopher,  friend  to  M.  Carre^  who  has 
be(j:n  frequently  mentioned  in  the  preceding  hi- 
flories,  imagined  from  fome  experiments  which 
he  had  made,  that  animalcules  f(‘en  in  the  wearer 
with  a  microfeope  do  not  multiply  therein,  but 
proceed  from  little  invifible  flies,  which  lay  their 
eggs  in  the  air.  And  indeed,  as  thefe  animals  are 
a  kind  of  little  worms,  it  is  natural  enough,  that, 
like  many  other  worms,  they  fhould  all  proceed 
from  fome  of  the  winged  fpecies  *,  but  the  obferver 
was  convinced  of  his  miftake.  He  boiled  water 
and  dung,  and  fllled  therewith  two  phials  of  equal 
fize  ;  when  they  were  lukewarm, ^he  put  into  one 
of  thele  phials,  two  little  drops  of  water  taken 
out  of  a  vcflTel,  wherein  the  water  was  full  of  thefe 
little  animalcules ;  and  S  days  after,  he  found  this 
phial  fliied  with  an  innumerable  quantity  of  ani¬ 
malcules,  of  the  fame  Ipecies  with  thofe  which 

were 
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were  in  the  drops  of  water.  There  were  none  to 
be  perceived  in  the  other  phial,  though  the  dung 
might  probably  have  produced  fome.  They  had 
both  been  flopped  very  clofe.  The  multiplica¬ 
tion  of  animalcules  in  water,  is  therefore  hereby 
fettled;  but  more  fo,  if  it  is  certain,  that  this  phi- 
lofopher  faw  them  couple  ;  at  leaft,  it  is  certain, 
that  he  faw  them  joined  two  and  two.  Perhaps 
this  was  to  fight ;  but,  do  they  always  fight  by 
pairs  ? 

VI.  Of  the  circulation  of  blood  in  infers, 

M.  Lewenhoeck  fays,  That  he  could  not  obferve 
the  circulation  of  blood  in  infeds,  and  therefore 
imagines  another  way,  by  which  he  believes  their 
life  is  maintained.  But  the  philofopher,  whom 
we  juft  now  mentioned,  who  is  well  fkilled  in  the 
life  of  the  miferofeope,  fays.  That  he  has  diftindl- 
Jy  feen  the  circulation  in  the  leg  of  a  fpider. 

VII.  Of  worms  voided  by  fooL 

M.  Tlomherg  fays.  That  a  young  man  of  his 
acquaintance,  who  is  in  good  health,  has  during 
thefe  4  or  5  years,  voided  every  day  by  ftool,  a 
great  number  of  worms,  about  5  or  6  lines  long, 
though  he  eats  neither  fruits  or  fallads,  and  has 
made  ufe  of  all  known  remedies.  He  once  or 
twice  voided  above  an  ell  and  a  half  of  a  flat 
worm,  divided  by  joints,  called  the  folium.  It 
is  hereby  feen,  how  many  eggs  of  infedls  there 
muft  be  in  all  that  food  which  we  leaft  fulpeeft  to 
contain  any,  which  want  nothing  but  the  fto- 
mach  *,  or,  as  I  may  call  it,  an  oven  fit  to  hatch 
them. 


vnr. 
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VIII.  Of  the  Iguana,  an  American  lizard. 

7'he  iguana  is  a  kind  of  lizard  found  through 
all  parts  of  America^  it  is  defcribed  in  Pifo\  book, 
De  utriufque  Indi^  re  naturali  lA  medica.  It  is 
amphibious,  it  has  two  ftomachs,  in  one  of  which 
there  is  often  a  (lone,  white  on  the  outfide,  and 
the  infide  very  much  like  the  colour  of  the  Arne- 
rican  bezoar.  It  has  the  virtue  of  expelling  the 
ilone  and  gravel  in  the  kidneys,  and  cures  the 
luppreflion  of  urine.  It  is  adminiftred  in  very  6ne 
powder,  with  an  equal  quantity  of  the  powder  of 
nut-fliclls,  both  together  weighing  a  dram,  in 
orange-flower  water,  if  there  is  no  fever,  or  fuf- 
picion  of  an  inflammation  in  the  ureters,  or  in  the 
bladder ;  in  which  cafe  it  muft  be  given  in  white 
wine,  mixed  with  parfiey  water,  or  pellitory  of 
the  wall,  or  fome  other  diuretick.  It  fometimes 
has  effedt  in  an  hour’s  time,  but  at  moft,  in  three 
hours.  A  Spanifo  phyfician  of  Caraccas^  having 
fenc  this  account  to  M.  DePas,  a  phyfician  of 
Montpellier^  who  is  with  M.  PesLandes^  diredlor 
of  the  Affiento  company  in  America^  and  having 
related  to  him  many  experiments  which  he  had 
made  with  the  ftone  of  the  iguana^  this  letter  has 
been  fent  to  the  academy, 

IX.  0/  the  difference  of  the  European 

^jcomen^  and  Negreffes  at  Batavia. 

*  I 

M.  Homier g  fays,  that  European  women  who 
go  to  Batavia^  cannot  fuckle  their  children, 
their  milk  being  fo  fait  that  they  will  not  take  it  *, 
whereas,  the  milk  of  the  Negreffes^  though  their 
diet  is  the  fame,  is  Iweet  and  pleafant  as  yfual.  j 
therefore  tliey  fuckle  the  children  of  the  Dutch 

2  and 
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and  EngUJIj.  He  him  Tel  f,  who  was  born  at  Ba¬ 
tavia^  was  fuck  led  by  a  black.  He  thinks  it 
probable^  that  when  the  Europeans  are  carried 
into  fo  hot  a  climate,  being  not  made  for  it,  thofc 
vefTels  which  in  them  are  defigned  to  filtrate  the 
milk,  dilate  too  much,  and  give  paflage  to  thofc 
falts  which  are  not  intended  to  enter  into  the  com- 
pofition  of  this  liquor  *,  but  that  the  women  of 
thefe  hot  countries  are,  by  their  firft  formation, 
fitted  to  generate  good  milk ;  that  is,  either  that 
the  filtring  vefiels  are  naturally  lefs,  and  do  not 
afterwards  dilate  more  than  is  necefiary,  or  are  of 
a  firmer  texture,  and  lefs  capable  of  dilatation*,  or 
fcmething,  in  fhorr,  equivalent  to  this. 

X.  Of  an  aurora  borealis  Jeen  at  Berlin. 

M.  Leibnitz  fent  an  account  from  Berlin.,  to 
M.  l^Abbe  Bignon,  that  March  6,  between  7  and 
10  in  the  evening,  there  was  feen  in  this  city,  and 
in  the  neighbouring  country,  an  aurora  borealis, 
which  was  fomething  like  that  mentioned  by 
M.  Gajfendi.,  in  the  life  of  M.  Pierefc.  There 
were  two  luminous  arches,  one  of  which  was 
higher  than  the  other ;  both  diredlly  north w^ard  \ 
their  concavity  turned  downward;  their  chords 
parallel  with  the  horizon.  The  fuperior  arch 
was  interrupted  ;  ftreams  of  light  went  from 
the  one  to  the  other,  which  juft  appeared,  and 
vanifhed  away. 

XI.  Of  a  new  ifland  7iear  Santcrini.  * 

M.  Le  la  Lanne.,  conful  in  Candia,  fent  word 
to  the  conful  of  Lunis,  that  two  miles  from,  the 
ifland  of  Santerini,  which  is  feventy  miles  trpm 
Candia^  a  new  ifland  was  perceived  ;  which,  at  firft 

ap- 
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appeared  only  like  a  little  veffel,  but  increafing 
daily,  it  became  as  big  as  a  large  fhip.  It  is  fur- 
rounded  with  many  other  little  illands*,  and  there 
continually  proceed  great  flames  from  it.  This 
novelty  is  the  more  furprifing,  the  water  being  in 
this  place  more  than  60  braces  deep  *,  the  fubter- 
ranneous  fires  mufl  therefore  have  ftrange  force  to 
throw  up  fuch  a  great*  heap  of  (tones  fo  high, 
through  the  fea.  As  in  fome  parts  of  Santerini^ 
and  of  fome  other  iflands  of  the  Archipelago^  the 
foil  wholly  confifls  of  pumice  (tone,  it  is  very 
likely,  that  thefe  new  iflands  are  formed  of  thefe 
light  (tones.  M.  de  Chajiueil  Gallaup^  a  gentle¬ 
man  of  Provence^  of  great  erudition  and  merit, 
has  done  me  the  honour  to  communicate  this  to 
me,  of  which  he  was  informed  by  a  letter -from 
Tunis,  which  letter  faid,  this  account  was  con¬ 
firmed  by  the  captain  and  failors  of  a  (hip’ newly 
arrived  from  the  Levant  to  Sufa,  in  the  kingdom 
of  Tunis,  who  were  all  eye-witnelTes  of  the  truth 
of  what  M,  De  la  Lanne  had  writtetu 

XIL  a  new  way  of  confiriiBing  the.  map 

of  a  country, 

.The  great  expence  which  attends  the  condrudl- 
ing  the  map  of  a  country  geometrically,  the  length 
of  time  which  it  requires,  and  the  fmall  number 
of  thofe  who  are  capable,-  or  who  will  take  the 
pains  to  execute  this  v/ork,  are  the  reafons  why 
few  maps  are  conftrudled  geometrically  ;  yet  no 
others  are  abfolutely  certain.  Provided  fuch 
cannot  be  had,  M.  Chevalier  propofes  another 
method,  which  is  not  far  (hort  of  the  geometrical 
exa61;nefs ;  yet  may  be  put  in  pradtice  without 
any  geometry,  requiring  only  care  and. attention. 

The 
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The  arch  of  the  horizon  taken  between  the 
point  where  the  fun  rifesor  fets,  at  any  day  what- 
Ibever,  and  the  point  where  it  rifes  or  fets,  when 
it  is  in  the  equator,  is  called  the  amplitude.  It  'is 
then,  at  firft  view,  that  the  amplitude  is  greater 
in  proportion  to  the  diftance  of  the  fun  from  the 
equator,  or  has  a  greater  declination  *,  and  it  'is 
alfo  feen  from  the  different  pofitions  of  the  fphere, 
that  the  more  oblique  it  is,  or  the  higher  the 
pole  is  elevated  for  any  place,  the  greater  is  the 
amplitude,  all  the  reft  being  equal.  The  decli¬ 
nation  of  the  fun,  and  the  elevation  of  the  pole, 
are  therefore  the  two  elements  whereon  the  fizc 
of  the  amplitude  depends,  and  tables  of  the  va¬ 
riation  of  the  amplitudes  are  conftrudled  accord¬ 
ing  to  that  of  their  elements. 

I  fuppofe  the  place  where  I  am,  for  example 
Parts.,  to  be  in  the  centre  of  a  pretty  large  circle 
deferibed  on  a  paper,  and  divided  into  360'".  As 
I  know  by  the  tables,  that  the  folftitial  ampli¬ 
tude,  the  greateft  of  all  at  Paris,  is  37  degrees 
omitting  the  minutes,  I  take  on  my  circle  for  ^he 
equinodlial  amplitude,  or  o,  the  point  wheredts 
divifions  begin,  and  the  37  degrees  following  an- 
fwers  to  the  folftitial  amplitude.  This  fpace  of 
37  degrees  anfwers  to  three  months,  and  I  divide 
it  according  to  the  table  of  amplitudes,  to  each 
day  of  3  months,  or  rather  from  5  to  5  days, 
becaufe  the  amplitudes  have  not  any  fenlible  al¬ 
teration  from  one  day  to  another.  I  do  the  fame 
for  the  amplitudes  of  the  other  9  months  of  the 
year. 

I  alfo  fuppofe  that  the  radius  of  my  circle  re- 
prefents  an  extent  of  two  leagues,  and  I  divide  it 
into  8  equal  parts,  which  are  confequently  of  a 
quarter  of  a  league  each,  and  through  each  of 
thefe  divifions  I  deferibe  circles  concencrical  with 
3  the 
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the  firft.  M.  Chevalier  calls  the  papers,  where¬ 
on  thefe  figures  are,  chajjis^  or  frames. 

This  done,  on  any  day  whereon  the  rifing  or 
the  letting  of  the  fun  can  be  obferved,  I  have  two 
wires  on  the  frame  diredlly  perpendicular,  one  at 
the  centre,  the  other  at  the  outward  circle,  which 
anfwcrs  to  the  day  pitched  upon,  I  place  the 
frame  exadlly  horizontally,  and  turn  it  in  fuch  a 
manner,  that  at  the  moment  of  the  fun’s  rifing  or 
fetting,  the  fliadow  of  the  two  wires  is  upon  the 
fame  right  line,  and  I  fix  it  fid  m  this  fituation. 
It  is  certain,  that  all  the  divifions  of  the  outward 
circle  v/ill  anfwer  exadlly  to  thofe  of  the  horizon, 
that  the  90th  degree,  for  example,  after  an  equi- 
nodlial  amplitude,  is  a  pole,  ^c.  in  a  word, 
that  the  frame  is  well  redlified.  Then  if  1  am  in 
a  place  high  enough  to  furvey  an  extent  of  two 
leagues  round,  I  diredl  a*. rule,  which  can  be 
moved  round  the  centre,  exadlly  to  a  deeplc,  at 
what  place  I  pleafe  •,  and  I  am  certain,  that  this 
fteeple  is  in  reff^dl  to  Paris,,  in  the  pofition 
determined  by  the  rule,  to  the  foikh-eafl,  for  ex¬ 
ample,  and  confequently  it  mud:  be  deferibed  in 
my  frame  on  this  line.  It  remains  to  be  known 
at  what  point ;  now  it  is  fuppofed,  that  I  know 
pretty  well  the  didance  of  all  thofe  places  which 
are  within  two  leagues  of  the  place  were  I  dwell, 
and  this  knowledge  is  more  familiar  in  the  coun¬ 
try,  where  the  frame  wdll  be  mod  in  ufe.  As  it 
is  divided  into  quarters  of  leagues,  I  place  the 
deeple  according  to  its  known  didance,  either 
upon  one  of  the  concentrical  circles,  or  between 
two  circles,  and  cannot  fall  into  any  confidcrable 
error  therein. 

What  1  have  done  in  relation  to  Paris,,  M. 
Chevalier  would  have  30  or  40  perfons  do  round 
about  Paris^  at  2  leagues  didance  at  mod  from 

one 
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one  another,  each  of  them  in  relation  to  the 
place  where  they  dwell  ;  not  that  each  fliould  be 
obliged  to  make  a  frame,  that  work  requiring 
the  hand  of  a  geometrician,  but  they  being  once 
made  by  an  artift,  copies  may  be  fent  to  30  or 
40  perfons,  who  will  then  have  only  the  trouble 
of  laying  out  the  lines  of  neighbouring  places, 
as  has  been  kiid,  and  few  are  incapable  of  doing 
this.  The  30  or  40  little  maps  being  made, 
they  muft  be  returned  to  the  geometrician,  who 
underftands  how  to  put  them  together,  and  there¬ 
by  compofe  a  map  of  the  country  round  Paris. 
As  the  {i\me  frame  is  to  be  fent  to  all  thofe  de- 
figned  to  be  employed,  it  is  fuppofed,  that  the 
amplitudes  are  the  fame,  as  to  places  which  are 
but  little  diftant,  which  is  only  fenlibly  true. 
Nor  can  this  method  of  conftrudling  maps  be  ufe- 
ful,  except  as  to  a  little  trad:  of  land  ;  and  it  is 
proper,  that  the  city,  or  principal  place,,  on  which 
alone  the  amplitudes  are  regulated,  lliould  be  in 
the  middle  of  that  trad  of  land  which  is  to  be 
defcribed,  that  fmall  errors  of  particular  places 
may  compenfiite  for  one  another. 

It  fliould  feem,  that  without  making  ufe  of 
amplitudes,  the  frame  might  be  redified  by 
means  of  the  meridian  of  the  place,  which  is 
commonly  known  in  the  country  but  it  is  only 
knovy^n  in  a  grofs  manner,  and  if  it  was  necefiary 
to  find  it  more  exadly,  few  would  fucceed  in 
it.  The  method  of  redilying  by  amplitudes, 
when  the  frame  is  quite  finifned,  is  more  cer¬ 
tain,  and  has  no  difficulty  in  it.  Not  but  the 
other  may  alfo  be  ufed  with  fuccefs. 

It  may  be  obfervtd,  in  the  method  of  the  am¬ 
plitudes,  that  an  error,  which  may  be  imperceiv- 
able  in  a  little  trad  of  land,  will  be  lefs  fo  if 
the  work  is  performed  in  a  trad  of  lefs  latitude, 
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or  in  a  time  nearer  to  the  equinoxes,  for  in  thefe 
two  circumftances,  there  is  lefs  difference  in  the 
amplitudes  of  different  places.  The  latitude  is 
the  circumftance  which  makes  leaft  difference  in 
them  ;  and  as  in  France  it  is  pretty  extenfive, 
the  operations  near  the  equinodial  ought  fomuch 
the  more  carefully  to  be  obferved  there. 

To  have  given  here  in  general  the  fpirit  of  M, 
Chevalier^s  method  is  fufficient.  As  a  geome¬ 
trician  -muft  of  neceffity  be  at  the  head  of  the 
work,  he  will  eafily  imagine  what  alterations 
certain  particular  circumftances  require,  and  fa¬ 
cilities  which  may  be  contrived  for  the  operators. 
A  bifhop,  who  has  a  genius  for  the  fciences,  may 
in  this  manner  conftru6t  a  map  of  his  country,  by 
help  of  his  clergy,  who  will  hardly  be  fenlible 
themfelves,  that  they  are  making  geometrical  o- 
perations.  Many  ufeful  things,  and  fome  which 
appear  difficult,  would  almoft  execute  themfelves, 
if  they  who  are  in  place,  would  give  a  firft  mo¬ 
tion  to  them. 
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Philofophical  Memoirs 

O  F  T  H  E 

Roval  Academy  of  Sciences  at  Paris^ 
for  the  Year  1707. 

1.  Obfe?^vations  on  the  quantity  of  rain^  which 
fell  at  the  obfervatory  during  the  year 
1706,  and  on  the  thermometer  and  baro^ 
meter ^  by  M,  de  la  Hire 

TH  E  obfervation  which  I  have  long  made 
on  the  quantity  of  water  which  falls  on 
the  earth  during  each  year,  the  refulc  of  which  I 
give  in  the  memoirs  of  the  academy,  at  the  be¬ 
ginning  of  the  fucceeding  year,  have  excited 
many  curious  perfons,  in  different  parts  of  the 
kingdom,  to  do  the  fame  in  the  places  where 
they  dwell.  Some  of  thefe  obfervations  have  al¬ 
ready  been  given  in  our  memoirs,  and  have  been 
compared  with  thofe  made  at  Paris  ;  but  the 
mofh  confiderable  is,  that  made  by  the  marfhal 
de  Vauhan  at  Ltjle^  in  Flanders^  during  ten  years 
fucceffively,  which  I  related  fome  time  ago,  and 
from  thence  concluded,  that  there  is  a  little  more 
rain  in  Flanders  than  at  Paris, 

*  Jan. 8,  1707. 
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Here  is  the  continuation  of  thefe  obfervations, 
which  •  were  made  here  during  the  preceding 
year,  in  ,all  the  fame  circumftances,  and  in  the 
fame  manner  as  thofe  of  the  foregoing  years. 
The  height  of  water  which  fell  at  the  obferva- 
tory,  was  in 


Lines, 

Lines, 

Jan. 

8^  .July 

Feb. 

^5il  Aug. 

5ii 

March 

Sts  Sept. 

iHs 

April 

O(dob. 

19+ 

May 

237  Nov. 

17 

June 

217  Dec. 

Quantity  of  water  in  the  whole  year  183  lines 
I  f ,  or  1 5  inches,  3  lines 

This  has  been  a  very  dry  year,  if  the  quantity 
of  water,  which  has  fallen,  ‘is  in  general  confi- 
dered,  which  commonly  ufed  to  be  between  19 
and  20  inches :  but  it  mud  be  looked  upon  as 
one  of  the  wetted  years,  if  it  is  confidered  that 
the  greated  rains  commonly  happen  in  the  months 
of  July  and  Augujl^  with  dorms,  and  that  this 
year  it  did  not  rain  in  both  thefe  months  toge¬ 
ther  much  more  than  18  lines. 

Dry  years  are  always  advantageous  to  the  corn 
in  this  country,  the  greated  part  of  the  land  be¬ 
ing  moid  and  cold  ;  for  the  weeds  do  not  then, 
grow,  or  turn  the  corn  up. 

As  to  the  heat,  I  compute  it  by  the  thermo¬ 
meter,  called  the  Florence  thermometer,  which  is 
fixed  in  a  place  expofed  to  the  air,  but  fhaded 
from  the  fun.  It  is  at  the  48th  degree  of  its  divi- 
fion  in  tlie  bottom  of  the  caves  of  the  obferva- 
tory,  where  I  fupppfe  the  air  to  be  in  a  m^an 
date  of  heat,  and  it  begins  to  freeze  when  the  li¬ 
quor  in  the  tube  falls  to  32  degrees,  The  lowed 
i  which 
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which  the  thermometer  fell  at  the  beginning  of 
this  year,  was  to  20  i  degrees  Jan.  21  ;  but  it 
almoft  immediately  rofe  again  to  30  degrees,  and  . 
the  froft  was  but  inconfidcrable,  and  of  little 
continuance  ;  and  in  the  firft  8  days  of  February^ 
when  the  cold  is  commonly  moft  fevere,  the  ther¬ 
mometer  always  flood  at  about  30  degrees.  The 
9th  of  this  month,  it  was  at  45  degrees,  which  is 
almbfl  its  mean  ftate:  the  remainder  of  the  month 
it  was  always  near  30  degrees,  which  indicates  a 
little  froft.  As  to  cold  at  the  end  of  the  year, 
it  was  inconfiderable,  for  it  only  froze  Dfc.  21, 
the  thermometer  then  falling  to  28  I*  There  fell 
only  a  little  fnow  Feb,  4. 

Though  the  cold  was  not  great,'  nor  of  long 
continuance,  the  heat  on  the  contrary  was  very 
confiderable,  and  lafted  long*,  for  the  thermo¬ 
meter  almoft  always  ftood  at  near  60  degrees 
in  the  3  months  of  June,^  and  Aug.  The 

hotteft  day  was  Aug,  8,  wherein  the  therriiome- 
ter  was  at  68  degrees  about  the  fun’s  rifing,  which 
is  the  time  when  I  always  obferve-it,  and  wherein 
the  air  is  the  cooleft  of  the  day.  This  very  day, 
at  2  in  the  afternoon,  which  is  the  time  wken 
the  air  is  hotteft,  the  thermometer  rofe  to  near 
8  2  degrees ;  whence  the  heat  is  known  to  have 
been  very  great,  fince  the  thermometer  rofe  to 
34  degrees  above  the  mean  ftate  ;  and  had  'it 
fallen  as  much  below  it  in  the  winter,  it  would 
have  come  to  14  degrees,  which  commonly  in¬ 
dicates  the  greateft  cold  that  we  ever  fuffer  in  this 
country. 

In  thefe  fort  of  obfervations  regard  ought  to 
be  had  to  the  wind,  which  partly  caufes  heat 
and  cold,  therefore  I  alfo  give  much  attention 
to  that.  In  the  month  of  Jan,  the  wind  was  al¬ 
ways  eafterly,  inclining  fometimes  to  the  fouth, 

C  3  and 


22  T'he  History  ^WMemoirs  of  the 

and  fometimes  to  the  north.  At  the  beginning 
of  Feb.  it  was  wefterly  ;  and  towards  the  end  of 
the  month  northerly.  In  March^  it  was^  pretty 
changeable,  chiefly  in  the  weft,  but  little  in  the 
eaft,  and  pafllng  by  the  north.  In  April.,  at  the 
beginning,  towards  the  north-eaft  *,  and  at  the 
end,  in  the  weft.  In  May.,  th^  weft  wind  prevailed. 
In  June.,  it  was  almoft  always  near  the  fouth 
and  weft.  In  July.,  at  the  beginning  and  end, 
near  the  weft  •,  and  in  the  middle  near  the  north.  In 
Aug.  it  was  almoft  always  weft,  inclining  a  little 
to  the  north,  and  very  often  to  the  fouth  ;  which 
contributed  much  to  the  great  heat.  In  Sept,  al¬ 
moft  always  fouth-weft.  At  the  beginning  of 
051.  alfo  fouth-weft  ;  and  at  the  end,  near  fouth- 
eaft.  In  Flov.  the  wind  was  almoft  always  fouth, 
and  a  little  thereabours  *,  but  chiefly  weft  ward. 
In  Oec.  almoft  always  fouth  and  fouth-weft. 

The  prevailing  wind  this  year,  was  fouth-weft, 
as  it  is  commonly  in  this  country,  becaufe  of  the 
neighbourhood  of  the  fea  *,  but  this  fouth-weft 
wind  has  always  been  very  violent. 

There  were  fome  ftorms  this  fummer ;  but  the 
moft  confiderable  happened  July  27,  in  the  morn¬ 
ing,  with  thunder  *,  which  did  much  damage  in 
many  places. 

The  barometer  which  ferves  me  for  the  weight 
of  the  air,  is  always  placed  at  the  top  of  the  great 
hall  of  the  obfervatory.  March  10,  the  quick- 
filver  rofe  to  28  inches,  i  line|.  Dec.  22,  it  fell 
to  26  inches,  9  lines:  the  difference  between  thefe 
2  heights  was  therefore  i  inch,  4  lines  |,  which 
is  pretty  near  as  ufual  •,  but  it  feldom  falls  fo  low, 
except  with  a  very  high  foutherly  wind  of  long 
continuance,  as  it  was  then.  I  have  frequently 
obferved,  that  the  quick-filver  has  been  very  high, 
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ihough  the  wind  has  been  foutherly,  which  is 
contrary  to  th6  common  rule. 

The  tube  of  the  barometer  which  I  always 
make  ufe  of,  is  very  flender  and  long  ;  and  I 
fufpedf  that  there  is  a  little  air  therein,  which  I 
cannot  get  out  *,  for  I  have  another,  whofe  tube  is 
of  a  middling  fize,  wherein  the  quickfilver  always 
ftands  more  than  three  lines  higher.  Light  is 
feen  in  the  vacuum  of  thefe  barometers  when  the 
quickfilver  is  agitated  ;  and  one  of  them  is  that 
wherein  M.  Picardy  of  the  academy,  who  was 
the  firft  that  obferved  it,  made  his  firfl:  obferva- 
tion  on  the  light  in  the  vacuum  of  barometers. 
We  have  alfo  other  barometers,  conftrufted  in  a 
manner  different  from  the  common  ones;  in  which, 
even  air  has  been  luffered  to  enter,  yet  they  aJfo 
give  a  light. 

I  alfo  obferved,  Dec,  31,  of  this  year,  1706, 
the  declination  of  the  needle,  9  degrees,  48  mi¬ 
nutes,  weilward,  with  the  fame  needle  of  8  inches, 
length,  and  in  the  fame  place  where  I  ufed  to  ob- 
ferve  it  every  year,  as  I  have  related  in  preced¬ 
ing  years. 

II.  A  machine  to  retain  the  wheels  which 
ferves  to  raife  the  rammer  to  drive  the 
piles  in  the  conjiruBion  of  bridges,,  kays^ 
and  other  works  of  this  nature,  by  M.  de 
la  Hire*. 

The  rammer,  or  beetle,  which  is  ufed  to  drive 
great  piles,  is  of  1000  or  2000  lb.  weight*,  and 
is  commonly  raifed  by  a  roller,  which  compofes 
a  part  of  the  crane  or  engine,  which  is  to  raife 
great  weights. 

*  June  I,  1 707. 
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This  rammer  runs  freely  between  two  grooves, 
that  the  whole  force  thereof  may  fall  on  the  head 
of  the  pile  which  is  to  be  driven.  But  as  the  com¬ 
mon  rollers  of  engines  are  moved  by  4  arms  fixed 
to  them  it  is  difficult  and  tedious  to  turn 
them,  which  hinders  the  work  •,  therefore  a 
great  wheel  is  fixed  to  this  roller  of  10  or  12  feet 
in  diameter,  as  there  is  to  great  cranes,  that  men 
by  walking  or  climbing  in  this  wheel,  may  caule 
the  roller  to  turn  more  eafily  and  conveniently,  as 
may  be  feen  in  the  figure*. 

In  conflrudling  a  great  (tone  bridge  at  Moulin^ 
in  Bourbon^  after  a  new  manner,  by  the  diredlion 
and  plan  of  M.  furveyor  of  the  build¬ 

ings,  they  are  obliged  to  fink  great  piles,  more 
than  20  feet  deep,  to  get  a  good  foundation  *,  it 
is  therefore  neceffary  to  make  ufe.  of  a  rammer  ot 
2000  lb.  weight.  But  as  the  great  wheel  which 
is  apply’d  to  the  roller,  on  which  the  rope  of  the 
rammer  winds  in  proportion  as  it  israifed,  is  hrge 
enough  to  receive  in  it  4  men  on  a  row,  who 
climb  up  together  on  the  crofs  bars,  or  rounds, 
which  form  the  breadth  of  this  wheel,  and  almofi: 
always  to  keep  them  in  at  the  heighth  of  the  axis 
or  roller,  to  make  the  greater  effort,  this  wheel 
inufl  be  flopped  every  time  the  rammer  goes 
down  •,  for  the  weight  of  the  men  within  it  being 
no  longer'floppcd  by  the  weight  of  the  rammer, 
would  carry  the  wheel  fwiftly  round  ;  and  the 
men  therein  might  be  thrown  down,  and  perhaps 
killed  *,  therefore  they  are  obliged  to  flop  this 
wheel  with  a  hook  faflened  to  a  rope,  and  fixed 
to  fome  appointed  place  every  time  the  rammer 
isletdowm.  This  is  very  troublefoine  *,  befides, 
it  may  happen,  that  the  hook  dr  rope  may  break 
by  the  force  of  the  men’s  weight  on  the  circum- 
*  Plate  I.  Fig.  I. 
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ference  of  the  wheel,  and  then  the  labourers  run 
the  rifque  of  their  lives. 

But  the  men  in  the  machine  have  not  only  this 
to  fear  ;  for  fometimes  thedefeent  of  the  rammer, 
or  the  hook,  by  which  it  is  fupported,  or  the  rope 
which  is  made  ufe  of,  may  break  on  a  fudden  in 
raifing  it  •,  and  by  thefe  iinforefeen  accidents  the 
labourers  are  in  great  danger,  as  has  fometimes 
happened. 

This  obliged  one  of  the  king’s  chief  architects, 
who  has  the  direction  of  this  edifice,  to  propofe 
to  me  laft  winter,  that  I  fhculd  find  out  fome  re¬ 
medy  for  all  thefe  inconveniencics,  and  make  it  fo 
eafy,  that  corpulent  men,  who  are  molt  com¬ 
monly  employed  in  thefe  works,  may  receive  no 
hurt  by  any  negligence,  or  inadvertency  whatib- 
ever  :  This  is  what  I  thereupon  contrived,  and 
which  is  to  be  executed. 

I  firft  confidered,  that  in  all  accidents  which 
may  happen  to  this  machine,  the'  rope  which 
holds  up  the  rammer,  entirely  fiackens  *,  and  con- 
fequently,  a  piece  muft  be  fixed  in  the  timber 
work  of  the  machine  itfelf,  which  falling  between 
the  fteps  or  rounds  of  the  wheel,  and  being  capable 
of  refifting  any  effort  whatever,  may  retain  it 
when  the  rope  of  the  rammer  is  flack  ;  and  on  the 
contrary,  this  piece  muft  difengage  itfelf  from 
thence  when  the  rope  is  tight. 

For  this  purpofe  I  made  a  fquare  A  B  C  ^ 
of  either  wood  or  iron,  much  wider  than  it  is 
thick,  forked  near  the  end  C,  which  is  a  little 
bent.  In  this  forked  part  I  fixed  a  little  roller  or 
pully,  fo  that  the  cable  or  rope  of  the  rammer,  may 
move  freely  in  this  part,  paffing  under  the  pulley. 
To  the  other  branch  of  the  fquare  AB,  near  the 

*  Fig.  2. 
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angle  B,  I  fix  a  ftrong  pin  D,  or  a  bracket  of 
the  fame  thicknefs  as  the .  branch  of  the  fquare. 
To  conclude,  in  the  end  A  of  this  branch  BA,  a 
hole  is  bored  that  an  iron  pin  may  be  put  therein. 

In  the  compofing  this  engine,  there  are  two 
-  pieces  EF  *  mortifed  parallel  to  each  other,  which 
help  to  ftrengtheri  it  *,  there  is  a  fpace  of  4  or  5 
inches  between  them,  in  which  I  faflen  the  fquare 
ABC,  and  fix  it  to  the  mortifes  by  a  pin  placed 
at 'the  end  A,  but  in  fuch  a  manner  that  it  has  not 
too  much  room  to  play  on  the  Tides,  which  de- 
pends  on  the  diftance  between  the  mortifes,  and 
on  the  thicknefs  of  the  branch  of  the  fquare. 

Diredlly  under  thefe  mortifed  pieces  goes  the 
great  wheel  of  the  roller,  which  carries  the  rope 
of  the  rammer;  and  the  machine  is  difpofed  in 
fuch  a  manner,  that  when  the  cable  GH,  which 
comes  from  the  top  of  the  engine  to  the  pully  H, 
to  be  afterwards  turned  on  the  roller,  is  tight  or 
{trained ;  it  holds  up  the  fquare,  pafTing  through 
the  pully  at  C,  fo  that  the  bracket  of  the  fquare  D, 
does  not  touch  the  rounds  of  the  wheel.  But  as 
foon  as  the  rope  GH  flackens,  the  weight  of  the 
fquare  itfelf,  and  the  weight  which  the  rope  adds 
to  it,  by  refting  on  the  forked  part,  makes  it  turn 
upon  the  pin  at  A,  and  fall  into  the  fellows  of  the 
great  wheel  ;  and  the  bracket  D  failing  immediate¬ 
ly  between  the  fleps  or  rounds,  retains  the  wheel 
in  this  ftate,  it  being  impoffible  for  it  to  turn  ;  for 
the  branch  AB  of  the  fquare,  being  faflened  be¬ 
tween  the  mortifed  pieces,  can  bear  a  very  great 
effort. 

But  when  the  cable  or  rope  of  the  roller  is  again 
ftrained,  to  fix  the  rammer  to  it,  the  fquare  im¬ 
mediately  rifes,  and  the  bracket  D  difengages  it- 

♦  Fig.  3. 
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felf  from  the  rounds  of  the  wheel,  which  is  then 
at  liberty  to  turn  round  and  raife  the  rammer. 

This  machine  is  very  fimple  and  convenient, 
and  may  fave  the  lives  of  labourers  and  workmen 
employed  in  this  bufinefs,  and  without  any  pre¬ 
caution. 


III.  Of  the  irregularities  of  the  appareiit  de^ 
prefjion  of  the  horizon  of  the  jea^  hy  M. 
Caflmi  -y  trajifated  by  Mr,  Cnambers. 


After  examining  the  ift  obfervations  of  the  ap¬ 
parent  deprefllon  of  the  fenfible  horizon  of  the 
fea,  made  by  father  Lavaly  in  his  obfervatory  at 
Marfeillesy  finding  them  different  at  different 
times,  I  dcfired  him  to  continue  his  obfervations, 
to  fee  whether  this  difference  would  ftill  continue 
equally  irregular. 

The  telefcope  of  the  inftrument  which  he  ufes, 
is  raifed  144  Paris  feet  above  the  level  of  the  fea, 
according  to  a  levelling  made  by  himfelf ;  which 
144  feet  high  give  the  dire cf  ray,  which  razes 
the  furface  of  the  fea  an  inclination  of  1 3/  14''. 

The  leaff  apparent  depreffion  obferved  by  father 
Lavaly  at  this  heighth  during  this  winter,  was  1 1' 
46"  *,  and  the  difference  betw'een  this  height,  and 
that  of  the  direft  ray,  would  be  1'  28^^;  which 
might  be  owing  to  the  greatefl  refraflion  of  the 
vifual  ray,  which  razed  the  furface  of  the  fea.  — 
But  the  greatefl:  apparent  depreffion  obferved  by 
him  was  14'  30",  which  exceeds  that  of  the  direct 
ray  by  16'';  and  this  contrary  to  the  rules  of 
refraction,  which  fhould  diminifh  this  inclination 
infiead  of  increafing  it. 


*  June  28,  1707. 
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We  have  already  noted  from  feveral  other  obfer- 
vations,  that  a  part  of  the  furface  of  the  fea,  con¬ 
tiguous  to  the  fenfible  horizon,  confounds  itfelf  as 
to  fight,  with  the  heaven  itfelf ;  and  that  on  this 
occafion,  the  apparent  circumference  of  the  fen¬ 
fible  horizon  falls  in  the  fea  within  our  fight. 
The  vifual  ray  direded  to  this  apparent  circumfe¬ 
rence  of  the  horizon  of  the  fea  declines  *,  therefore 
on  this  occafion,  from  the  dired:  ray  which  razes 
the  furface  of  the  fea,  towards  the  lower  fide,  con¬ 
trary  to  the  inclination  which  the  refradled  ray 
raifing  this  furface  ought  to  have. 

Having  communicated  this  remark  to  father 
Laval^  and  he  not  having  occafion  to  diftinguifli 
this  difference  by  ’’any  fenfible  fign,  it  is  evident 
how  difficult  it  is  to  diffinguifii  it ;  and  how  liable 
to  error  the  method  is  of  finding  the  magnitude  of 
the  diameter  of  the  earth,  by  obferving  the  tangent 
of  the  fea  without  this  circumfpedion. 

It  appears  by  father  Laval^s  obfervations,  that 
this  difference  between  the  feveral  apparent  de- 
preffions  of  the  horizon  of  the  fea,  viewed  from 
the  fame  place,  does  frequently  exceed  a  5th  part 
of  the  leaft  apparent  inclination  ;  fo  that  one  might 
be  deceived  in  this  method  by  a  5th  part  of  the 
femi-diameter  of  the  earth. 

I  have  endeavoured  to  reduce  the  difference  be¬ 
tween  the  apparent  inclination  of  the  refraded  ray, 
which  razes  the  furface  of  the  fea,  and  the  real  in¬ 
clination  of  the  dired  ray,  to  certain  rules ;  and  it 
is  evidently  of  great  importance  to  examine,  what 
degree  of  exadnefs  a  method  is  capable  of,  to  pre¬ 
vent  any  expedation  of  more  than  it  can  afford. 

By  the  multitude  of  obfervations  made  by  'father 
Laval^  we  learn,  id,  That  when  we  attempt  to 
determine  a  diftance,  or  a  fmall  height,  upon  the 
furface  of  the  fea,  by  a  fingle  obfervation  of  the 
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depreflion  of  the  horizon,  we  'can  only  be  fure  of 
being  within  7  of  the  truth ;  and  accordingly  this 
is  pretty  nearly  the  difference  found  between  the 
height  of  the  obfervatory  at  Marfeilles^  as  taken 
by  obfervations  made  at  Marfeilles^  and  the  real 
height  found  by  levelling,  the  former  being  175 
feet,  and  the  latter  144.  2dly,  That  having  fe- 
veral  obfervations  of  the  apparent  depreflion  of 
the  fea,  made  in  the  fame  place  at  different  times  ; 
and  taking  a  medium  between  thefe  obfervations, 
we  fhall  have  the  inclination  nearly  equal  to  that 
of  the  dire(ff  ray,  which  raifes  the  furface  of  the 
fea,  which  may  ferve  to  determine  the  height  and 
diftance,  by  the  common  method,  to.  a  tolerable 
exadnefs.  sdly.  That  the  variation  of  the  appa¬ 
rent  heights  of  the  fea  bears  no  uniform  relation 
to  the  variation  obferved  at  the  fame  time  in  the 
barometer  and  thermometer,  which  feems  to  con¬ 
firm  what  we  have  frequently  obferved,  that  the 
air  which  caufes  the  refradlion,  is  of  a  different 
nature  from  that  which  balances  the  weight  of  li¬ 
quors  in  vacuo. 

We  have  frequently  obferved  the  apparent  de- 
preffion  of  the  fenflble  horizon  of  the  Mediter¬ 
ranean  fea,  from  an  elevation  6  times  greater  than 
that  of  the  obfervatory  at  MarfeilleSy  and  con- 
flantly  found  it  42  min.  without  any  fenflble  dif¬ 
ference  between  one  time  and  another,  which 
fhews,  that  the  refraftion  is  much  more  variable 
at  moderate  heights,  than  at  very  large  ones, 

IV.  Obfervations  upon  fpiders,  by  M,  Hom- 
berg ;  tranjlated  by  Mr.  Chambers. 

The  colour  and  figure  of  an  extraordinary  kind 
of  fpider,  which  I  met  withal,  among  the  tube- 
rofes  in  a  garden  at  Toulon^  raifed  my  curiofity  to 

ex- 
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examine  this ;  and  afterwards  all  the  other  kinds 
of  fpiders  I  could  find  in.  I  made  ufe  of  a  mi- 
crolcope  for  the  difeovery  of  certain  parts  which 
the  naked  eye  cannot  diftinguifii,  and  have  pro¬ 
cured  defigns  of  them  larger  than  the  life,  to 
reprefenc  them  fuch  as  they  appeared  thro’  the  mi- 
crofeope. 

I  fhall  here  only  give  the  defeription  of  6  prin¬ 
cipal  kinds  of  thefe  infedls  *,  to  which,  all  the  reft 
I  have  met  withal,  may  be  referred. 

The  6  kinds  are,  ift,  the  domeftick  fpider ; 
or  that  which  makes  its  webb  on  the  walls,  and 
in  the  corners  of  rooms.  2dly,  The  garden  fpi- 
cler ;  or,  that  which  makes  its  webb  out  of  doors, 
ufually  of  a  roundifti  figure,  and  a  loofe  texture,  in 
the  centre  whereof  the  animal  lodges  all  day. 
3dly,  The  black  fpider ;  found  in  caves,  cellars, 
and  holes  of  old  walls.  4thly,  The  wandring  fpider, 
which  docs  not  lie  ftill  in  its  neft  like  the  other 
kinds.  5thly,  The  field  fpider  with  long  legs, 
ufually  called  the  fpinner.  And  6thly,  The  raging 
fpider,  or  the  famous  tarrantula. 

By  the  way  it  may  be  proper  to  begin  with  a 
general  defeription  agreeing  to  all  the  kinds  of  fpi¬ 
ders  ;  and  afterwards  to  note  the  particular  cha- 
raders  of  each  :  nor  fhall  I  enter  into  a  minute 
account  of  the  ftrudure  of  all  the  external  parts  of 
this  infed,  but  confine  myfelf  to  what  is  not  ea- 
fily  difcoverable  by  fimple  infpedion,  and  with¬ 
out  the  help  of  a  nnerofeope. 

The  whole  body  of  the  fpider  may  be  divided 
into  the  anterior  part,  the  pofterior  part,  and  the 
pav/s  or  legs  •,  the  anterior  part  contains  the  thorax 
and  head  *,  the  pofterior,  the  belly  :  thefe  two 
parts  are  faftened  together  by  a  choak,  or  very 
narrow  rim.  In  the  generality  of  fpiders,  the  an¬ 
terior  part  is  covered  with  a  hard  fcaly  cruft,  and. 
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the  poflerior,  with  a  foft  fkin  •,  the  legs  arife  from 
the  thorax^  and  are  hard  like  the  reft  of  it.  This 
ftrucfture  is  very  different  from  that  of  diverfe 
creeping  and  flying  infecfts;  for  inftance,  the  maids*, 
and  others,  whofe  belly  and  thorax  adhere  to  each 
other  by  their  whole  extent  without  any  choak, 
or  contraction,  tho’  their  thorax  be  invefted  with 
a  hard  cruft,  and  the  belly  with  a  foft  fkin,  yet 
their  head  adheres  to  their  thorax  by  a  very  narrow 
choak;  again  ants,  wafps,  and  moft  flies  have 
their  thorax  and  belly  faftened  by  a  choak,  and 
their  head  and  thorax  by  another. 

All  fpiders  are  covered  with  hair,  their  hard,  as 
well  as  their  foft  parts. 

They  have  eyes  on  various  parts  of  their  heads, 
of  different  fize  and  number,  and  differently 
placed  ;  but  all  of  them  without  Palpebra^  or  eye¬ 
lids  ;  and  covered  with  a  hard  gloffy  tranfparenc 
cruft. 

In  the  fore-part  of  the  head  is  a  kind  of  double 
claw,  or  gripe,  like  that  of  a  lobfter,  which, 
with  the  front  of  this  animal,  makes  the  whole 
fore-part  of  the  head.  See  fig.  4,  5,  6.  This 
claw  confifts  of  two  flattifti  branched  pieces,  co¬ 
vered  with  a  hard  cruft  or  fliell,  and  faftened  per¬ 
pendicularly  to  the  lower  part  of  the  front  by  a 
foft  fkin,  which  ferves  them  as  a  joint  or  hinge  to 
open  and  fhut  upon.  Thefe  pieces  are  befet  with 
little  hard  eminences  at  the  two  edges  that  meet, 
and  thus  become  fit  to  catch,  and  hold  their 
prey  near  the  mouth  which  is  behind  the  claw,  in 
order  to  draw  their  food  therefrom. 

At  the  lower  end  of  each  of  the  branched  pieces, 
is  a  hooked  nail,  fomewhat  like  the  nails  of  a  cat  *, 
thefe  nails  are  very  large,  hard,  and  jointed,  fo 
that  the  animal  can  move  them  upwards  and  down- 
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wards,  without  ftirring  the  branches  thcmfelves' 
It  is  probable  thefe  nails  fcrve  to  Ihut  or  dole  the 
ends  of  the  claws,  and  gripe  the  prey  to  prevent 
its  efcape  ;  for  by  their  means,  the  aperture  of 
the  claws  forms  a  triangle  clofed  on  all  Tides,  which 
otherwife  would  be  open  at  one  end.  See  fig.  6. 
Thefe  nails  being  jointed,  may  likewife  ferve  to 
raife  or  fall  the  prey,  as  the  animal  finds  occafion. 

All  fpiders  have  8  jointed  legs,  like  the  legs  of 
]obfters;.and  at  the  extremity  of  each,  are  two 
large  hooked  jointed  nails. 

Between  the  two  nails  of  each  extremity,  is  a 
body  not  unlike  a  w'et  fpungc,  much  like  that 
found  at  the  end  of  flies  legs,  and  in  all  likelihood 
ferving  for  the  fame  purpofes  *,  vix,  to  walk 
with  the  feet  upwards  upon  fmooth  piolifhcd  bodies, 
where  the  hooks  or  nails  would  be  of  no  ufe  :  thefe 
fpunges  fupply  a  fort  of  vifeid  liquor,  which  ferves 
to  make  them  flick  or  hang  thereon  :  this  vifeid 
liquor  flops  with  age,  both  in  flies,  and  fpiders, 
fo  that  they  become  unable  to  walk  long  up  a 
perpendicular  glafs.  And  we  even  find,  that  an 
old  fpider  or  fly,  happening  to  fall  into  a  deep 
China  y3Lr^  is  unable  to  get  out  again,  and  mail  die 
of  hunger. 

And  the  fame  thing  befalls  fpiders  with  refpecfl 
to  the  matter,  whereof  they  make  their  webb. 
An  old  fpider  has  no  more  of  this  matter  left  in  its 
body,  nor  can  fo  much  as  refit  its  webb  when 
broken,  ordifplaced  ;  all  it  can  do  is  to  expel  feme 
weaker  fpider  of  the  fame  fpecies,  and  poffefs  its 
nefl,  which  I  have  frequently  found  it  da  It  is 
not  unlikely,  that  the  liquor  at  the.  extremities  of 
the  paws,  is  the  fame  with  that  which  makes  its 
webb,  or  at  leafl:  near  a- kin  thereto,  fince  both  of 
them  ceafe  about  the  Time  time  ;  but  of  this  we 
lhall  fpeak  more  at  large  hereafter. 
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Befides  the  eight  legs  above-mentioned,  where¬ 
with  the  fpider  walks,  it  has  two  others  nearer 
the  head,  which  are  of  no  ufe  in  walking,  but 
ferve  it  in  lieu  of  arms  and  hands,  to  place  and 
take  back  the  prey  which  they  hold  in  their  claws, 
in  order  to  fhift  and  prefent  dilFerent  parts  of  it 
to  their  mouth.  This  fifth  pair  of  legs,  or  thefe 
arms,  are  not  formed  a  like  in  all  the  kinds  of 
fpiders  \  in  fome,  they  are  perfecftly  like  the 
other  legs  ;  and  in  others  quite  different.  Their 
difference  will  be  noted  when  we  come  to  the 
different  charadters  of  each  fpecies  of  fpiders. 

Around  the  anus  of  all  fpiders  are  four  little 
mufcular  papill^^  or  nipples,  pretty  broad  about 
their  bafcs,  and  pointed  at  their  extremities^,  hav¬ 
ing  a  pretty  free  motion  *,  every  way  from  the 
middle  of  thefe  papilU^  as  through  a  mould,  or 
wier-dra wet’s  iron,  iffues  the  vivid  liquor,  which 
produces  the  thread  whereof  their  nefts  .and  webs 
are  formed.  This  mould  has  a  fphindler  to  open 
and  fhut  it,  by  which  means  they  can  fpin  bigger 
or  fmaller  at  pleafure  ;  and  the  fpider,  being 
fufpended  in  the  air  by  this  thread,  either  flops 
when  this  mould  clofes,  or  continues  to  defcend 
by  its  own  weight  when  it  opens. 

The  manner  wherein  they  make  their  webs, 
is  as  follows :  when  a  fpider  is  to  hang  her  work 
in  a  corner  of  a  room,  where  flie  can  eafily  go 
to  all  the  places  the  threads  are  to  be  faflencd  on, 
file  opens  and  detaches  the  four  nipples  above- 
mentioned  immediately,  upon  which  a  little  drop 
of  vifeid  liquor  appears  upon  the  tip  of  each. 
This  drop  being  forcibly  preffed  againfl  the 
wall,  flicks  thereto  by  its  natural  gluten,  and 
the  fpider  removing  from  the  place,  new  matter 
continues  drawing  thro*  the  hole  ;  and  thus  is  thg 
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firft  thread  form’d.  Being  arrived  at  the  place 
of  the  wall,  where  fhe  would  have  her  web  ter- 
minate,  fhe  preflcs  the  end  of  her  anus  againft 
the  fame,  and  thus  faflens  the  other  end  of  the 
thread,  after  the  fame  manner  as  the  firft.  This 
done,  fhe  withdraws  about  half  a  line  from  the 
firft,  and  here  faftens  the  end  of  a  fecond  thread, 
which  fhe  fpins  forth  parallel  to  the  former,  till 
arriving  at  the  other  end  of  the  firft  thread,  fhe 
faftens  the  fecond  to  the  wall,  and  thus  proceeds 
till  the  whole  breadth  of  her  intended  web  be 
nnifhed.  Thefe  parallel  and  longitudinal  threads, 
which  may  be  called  the  warp  of  the  web  being 
finifhed,  fhe  proceeds  to  crofs  or  traverfe  them 
with  other  threads,  and  to  this  purpofe  faftens 
one  of  their  ends  againft  the  wall,  and  the  other 
upon  the  firft  thread  that  had  been  drawn  ;  thus 
leaving  one  fide  of  the  web  quite  open  for  the 
flies  tojcome  in  at.  Thefe  latter  crofs  threads  may 
be  called  the  woof  of  the  web  ;  and  being  all  of 
them  but  new  fpun,  they  eafily  flick  to  every 
thing  they  touch,  and  confequently  to  the  warp 
they  pafs  over,  wherein  all  the  ftrength  and  firm- 
nefs  of  this  web  confifts ;  whereas  the  firmnefs  of 
our  cloths  depends  on  the  interweaving  of  the 
threads  of  the  woof  between  thofe  of  the  warp. 

To  make  the  crofs- threads  flick  the  firmer,, 
the  fpider  works  with  its  four  papill^^  and  fqueezes 
clofe  all  the  parts  where  the  interfe6lions  happen^, 
as  foon  as  one  thread  is  laid  upon  another,  remem¬ 
bering  to  triple,  or  quadruple  the  threads  at  the 
borders,  to  ftrengthen  them  the  more,  and  pre¬ 
vent  an  erupture  being  made  in  the  web. 

A  fpider  may  furnifh  twice  or  thrice  as  much 
matter  as  is  neceffiry  to  make  a  web,  provided 
fhe  have  not  fpent  too  much  in  the  firft  *,  but  if 
a  new  web  be  wanting  after  this,  fhe  muft  either 
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dlfpofleis  fome  other  fpider  by  force,  or  had  a  va¬ 
cant  web,  which  is  no  unufual  thing,  by  reafon 
the  young  fpiders  always  relinquifh  their  firft 
webs  to  make  new  ones.  If  the  old  fpider  be 
not  fupplied  with  any  of  thefe  ways,  it  muft  pe- 
I'ifh,  for  there  being  no  living  without  a  web, 
at  leafl  for  the  domeftick  fpiders,  tho*/ome  of  the 
reft  need  none.  Thus  much  for  the  webs  made 
in  corners  of  rooms. 

As  to  the  webs  made  a-lofc  in  gardens j  trr. 
where  the  fpider  cannot  eafily  come,  the  method 
of  proceedure  is  thus :  the  animal  places  itfelf  in 
a  calm  feafon  on  the  end  of  fome  branch  of  a 
tree,  or  any  other  body  that  projedls  far  into  the 
air,  here  ftandingfirm  on  its  6  fore- feet,  with  the 
2  hind  ones,  it  draws  a  thread  from  its  anus 
two  or  three  yards  long,  which  it  lets  float  in  the 
air  till  fuch  time  as  the  wind  driving  it  againft 
fome  folid  body.  It  quickly  flicks  thereto  by  its 
natural  gluten  ;  the  animal  from  time  to  time  pulls 
this  thread  towards  it,  to  learn  whether  the  loofeend 
have  yet  faftened  to  any  thing,  which  it  learns 
by  the refiftance  it  meets  withal. in  pulling.  Find¬ 
ing  it  fixed,  it  drains  the  thread  a  little,-  and  fixes 
it  with  its  papill(^  to  the  place  where  it  ffands. 
This  thread  now  ferves  it  as  a  bridge,  or  ladder, 
to  go  to  the  place  where  chance  has  call  it,  by 
which  means  fhe  doubles  this  firft  thread,  which 
fhe  afterwards  tripks,  or  quadruples,  according 
as  its  greater  or  lefs  length  requires  more  or  lels 
ftrengthening.  This  done,  the  fpider  places  it¬ 
felf  about  the  middle  of  this  thread,  and  with  i  s 
two  hind  paws  draws  from  its  anus  a  new  thread, 
which  it  lets  float  like  the  former,  till  finding  it 
fixed  to  fome  body,  fhe  drains  it  a  little,  and 
then  with  a  papilla  faftens  the  end  as  perpendi¬ 
cularly  as  fhe  can,  on  the  middle  of  the  firft 
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thread  ;  proceeding  afterwards  to  ftrengthen  \u 
by  doubling,  or  tripling,  as  in  the  former  cafe. 
The  like  procefs  flie  repeats  fo  often  till  the  mid¬ 
dle  of  the  firft  thread  become  a  centre  •,  from 
whence  proceed  feveral  radii,  the  work  being 
continued  till  fuch  time  as  fhe  can  go  upon  the 
crpfs  threads  from  the  end  of  one  of  the  radii,  to 
the  ends  of  all  the  reft  This  done,  fhe  fixes  a  new 
thread  in  the  centre,  and  draws  it  along  one  of  the 
radii,  and  from  thence  10  the  middle  of  one  of  the 
crofs  threads,  where  fhe  faftens  it  with  her  papill^^ 
and  by  this  means  makes  as  many  radii  as  fhe  finds 
proper.  The  radii  all  made,  fhe  returns  to  the 
centre,  and  there  faftens  a  new  thread,  which  fhe 
draws  and  faftens  down  in  a  fpiral  direction  upon 
the  radii,  from  the  centre  to  the  magnitude  fhe 
would  have  the  web.  This  done,  fhe  takes  up 
her  lodging  in  the  centre  of  the  web,  with  her 
head  always  downwards,  to  avoid,  as  fhould 
feem,  the  too  great  brightnefs  of  the  heavens,  as 
having  no  eye-lids  to  reftrain  and  modify  it,  or 
rather,  to  fuftain  and  reft  her  big  belly  on  a  large 
bafe  of  her  thorax  *,  whereas  if  flie  remained 
with  her  head  upwards,  the  belly  would  only 
hang  by  a  flender  thread,  wherewith  it  is  faftened 
to  the  thorax,  which  might  be  incommodious. 

The  fpider  only  keeps  in  the  centre  of  her 
web  during  the  day-time ;  in  the  night,  or 
when  it  rains,  or  blows  hard,  fhe  retires  into  a 
little  cell,  built  at  the  extremity  of  her  web,  under 
the  leaf  of  a  tree,  or  plant,  or  fome  other  place 
ftronger,  and  more  ftable  than  her  web,  and 
which  may  afford  her  fhelter  from  the  rain. 
This  place  fhe  ufually  choofes  towards  the  higheft 
part  of  the  web,  that  fhe  may  have  immediate 
refuge  there  on  occafion  *,  for  moft  fpiders  af- 
cend  with  more  eafe  and  difpatch  than  defeend. 

The 
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The  fpider  lies  in  wait  for  flies,  or  other  in- 
fe6ls,  which  entangle  themfelves  in  her  web, 
and  which  are  to  ferve  it  for  food.  When  the 
fly  is  fmall,  the  fpider  takes  it  in  its  claws,  and 
bears  it  into  her  nefl;  to  fuck  its  juice  *,  but  when 
the  fly  is  too  big,  in  proportion  to  the  fpider,  and 
v/ith  its  wings  and  claws  might  be  liable  to  in¬ 
commode  her,  the  fpider  in  this  cafe  wraps  her 
round  and  round,  with  a  number  of  threads, 
which  flie  draws  from  her  anus,  to  fetter  the^  fly, 
till  fhe  can  no  longer  ftir  either  wing  or  feet ; 
upon  which  the  fpider  carries  it  peaceably  into 
her  den,  and  feeds  of  it.  Sometimes  the  fly  hap¬ 
pens  to  be  fo  big  and  ftrong,  that  the  fpider  can¬ 
not  compafs  it,  in  which  cafe,  inilead  of  entang- 
ling  it  more,  the  fpider  loofens  it,  or  even,  if 
that  cannot  well  be,  breaks  the  part  of  the  web 
where  the  fly  hangs ;  and,  lets  it  go,  applying 
herfelf  in  the  next  place,  either  to  mend  her  da¬ 
maged  web,  or  make  a  new  one. 

All  male  fpiders  are  fmaller  than  the  female 
ones  of  the  fame  kind  ;  and  this  to  fuch  degree, 
that  I  have  found  five  or  fix  male  garden  fpiders 
hardly  balancing  one  female  one.  This  is  no  un¬ 
common  thing  in  mofl:  infefls,  tho’  quite  contrary 
to  what  we  find  in  quadrupeds,  where  the  males 
are  always  bigger  and  ftronger  than  the  females. 

The  fpiders  of  all  kinds  are  oviparous,  with 
this  difference,  that  Ibme  of  them,  as  the  garden 
fpider  and  fpinner,  produce  a  great  number  of 
eggs and  others,  as  the  houfe  fpider,  very  few  ; 
they  lay  their  eggs  on  a  piece  of  the  web,  which 
they  bind  together  in  a  clufter,  and  brood  on 
them  in  their  nefl.  If  they  be  driven  out  of  the 
nefl:,  in  the  time  when  they  are  hatching,  they  take 
this  clufter  of  eggs  in  their  claws  above  defcribcd, 
and  carry  it  with  them.  As  foon  as  the  little  ones 
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are  hatched,  they  begin  to  fpin,  and  enlarge  at 
fiich  rate,  that  one  may  almoft  fee  them  grow  ; 
yet,  without  taking  any  food  that  I  have  been 
able  to  difcover ;  if  a  very  fmall  gnat  happen  to 
fall  in  their  way,  they  fly  upon  and  make  fhew, 
as  if  they  fed  on  it ;  but  if  none  come  in  a  day  or 
two,  or  even  more,  they  ftill  continue  growing 
as  faff  as  if  they  had  fed,  augmenting  every  day 
to  more  than  double  their  bulk. 

The  peculiar  chara6lers  of  each  fpecies  of  fpi- 
ders,  are  taken  from  the  different  difpofitions  of 
their  eyes ;  not  but  there  are  other  confiderable 
differences  between  them,  but  thefe  not  uni- 
verfal. 

The  domeftick,  or  houfe  fpider,  which  makes 
the  firft  fpecies,  has  8  little  eyes  nearly  equal  in  its 
forehead,  in  an  oval  fitiiation*.  This  fpider  makes 
a  large  web  *,  its  arms  are  perfedlly  like  its  legs, 
excepting  that  they  are  fomewhat  fliorter,  and 
that  it  never  puts  them  to  the  ground.  This  fpe¬ 
cies  changes  its  fkin  yearly,  even  to  the  very 
legs,  as  lobflers  do,  which  I  have  not  obferved 
of  any  other  kind.  It  is  very  long-lived,  I  hav¬ 
ing  known  one  of  them  above  four  years,  which 
had  not  grown  any  thing  confiderable  in  body, 
but  a  great  deal  in  legs.  This  fpider  is  liable  to 
a  difeafe,  which  renders  it  frightful,  being  fome- 
times  covered  with  fcales  handing  out  an  end,  and 
the  intervals  thereof  fwarming  with  vermin,  much 
like  the  lice  upon  flies  *,  but  a  deal  fmaller.  When 
the  diftempered  fpider  runs  faft,  it  throws  off 
fome  of  its  fcales,  with  the  little  vermin.  The 
difeafe  is  very  rare  in  our  cold  countries,  nor  have 
I  ever  obferved  it  out  of  Naples,  The  fpider, 
when  feized  therewith,  never  hays  long  in  a 
place  ;  and  if  it  be  fliut  up,  foqn  dies, 

’  pis-  4- 

\  The 


Royal  Academy  of  Sciences.  39 

The  fecond  is  the  garden  fpider,  which  makes 
a  large  round  web  in  the  air,  and  ufually  pofieffes 
the  middle  thereof.  It  has  4  large  eyes,  placed 
fquarc  in  the  middle  of  the  forehead,  and  2  fmal- 
ler  on  either  fide  of  the  heid^.  The  females  of  this 
fpecies  have  the  largeft  bellies  I  have  known  in 
fpiders  ;  the  males  are  very  fmall ;  they  are  of  dif¬ 
ferent  colours,  but  ufuaily  feuille  mort  fpotted 
with  white  and  brown  ;  tho*  fometimes  they  are 
ail  white,  as  thofe  I  obferved  at  Toulon^  among 
the  tuberofe  flowers  ;  and  fome  I  have  known 
all  green  \  nor  are  they  all  of  the  fame  fize,  but 
the  green  ones  are  fmalleft,  and  the  brown  ones 
biggefl;  of  all.  Pouring  fpirit  of  wine  on  thefe 
fpiders,  they  did  not  feem  at  all  difturbed  there¬ 
by,  no  more  than  with  aqua  for tis^  or  oil  of  vi¬ 
triol  *,  but  oil  of  turpentine  killed  them  in  a  mo¬ 
ment  ;  which  accordingly  I  have  frequently  ap¬ 
plied  to  deftroy  broods  of  young  fpiders  of  this 
kind;  fome. of  them  containing  no  lefs  than  a 
hundred  a-piece,  which,  in  a  few  days,  will  over¬ 
run  a  whole  garden,  and  fpoil  a  great  number  of 
plants. 

The  third  fpecies  is  that  of  fpiders  in  vaults 
and  old  walls.  Thefe  feem  only  to  have  fix  eyes, 
all  the  other  fpecies  having  eight.  The  eyes  are 
placed  two  in  the  middle  of  the  forehead,  and 
two  of  each  fide  the  head  ;  all  fix  being  nearly 
of  the  fame  fize  ')*•  The  fpiders  of  this  fpecies 
are  all  of  them  black,  and  very  hairy  ;  their  legs 
are  fliort,  and  they  are  ftronger  and  more  mif- 
chievous,  as  well  as  longer  lived,  than  moft  other 
fpiders.  If  you  take  one,  it  will  defend  itfelf  and 
bite  the  inffrument  it  is  held  withal,  and  though 
pierced  in  the  belly,  will  fometimes  live  two  or. 
three  days ;  whereas  all  the  ether  fpiders  die 
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quickly  upon  piercing  their  belly  *,  nor  do  they 
ever  defend  themfelves,  or  bite  any  thing  when 
taken.  In  lieu  of  a  web  to  catch  flies,  thefe  only 
fpin  a  few  threads,  7  or  8  inches  long,  which 
iflTue  from  their  nefts,  like  fo  many  radii,  and 
are  faflened  to  the  wall  around  the  hole  where 
they  inhabit ;  any  infefl  walking  on  the  wall, 
and  flicking  againfl  any  of  thefe  threads,  adver- 
tifes  the  fpider,  who  lies  perdue  in  her  hole,  and, 
upon  this  notice,  inflantly  ruffles  out  with  prodi¬ 
gious  fwiftnefs,  and  feizes  the  infedt.  I  have 
feen  a  vigorous  wafp  carried  off  by  one  of  thefe 
fpiders,  which  none  of  the  other  fpecies  w^ould 
have  touched,  both  on  account  of  the  flings  thofe 
infedts  are  armed  withal,  and  of  the  hard  fcales 
wherewith  their  whole  body  is  defended  ;  but 
the  fore  part  and  legs  of  this  ipider,  being  covered 
with  a  very  hard  fhell,  and  the  hind  part,  or 
belly,  with  a  thick  clofe  leather,  it  does  not  fear 
the  wafp’s  fling  ;  and  its  gripes  are  fo  flrong  and 
hard,  that  they  are  able  to  break  the  fcales  of 
the  wafp. 

The  fourth  fpecies  of  fpiders  are  thofe  we  call 
vagrants,  by  reafon  they  do  not  flay  at  home  in 
their  refpedtive  nefls,  as  all  the  other  fpiders  do, 
who  wait  quietly  for  their  prey  to  come  home  to 
them  ;  but,  on  the  contrary,  go  out  in  queft  of 
prey,  and  hunt  it  down  with  infinite  wiles  and 
ftratagems.  I'hey  have  two  large  eyes  in  the 
middle  of  their  forehead,  and  two  fmall  ones  at 
the  extremities  of  the  forehead,  two  of  the  fame 
fize  on  the  back  of  the  head,  and  two  very  fmall 
ones  between  that  and  the  forehead  The  fpi¬ 
ders  of  this  fpecies  are  of  different  fizes  and  co¬ 
lours,  white,  black,  red,  brown,  and  fpotted.  In 
one  part  of  their  body  they  are  different  from  all 

*  Fig.  7, 
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other  fpecies,  viz.  the  extremity  of  their  arms, 
and  5  pair  of  legs,  which  terminates  in  a  clufter, 
or  in  a  plume  of  feathers ;  whereas  in  all  the  o- 
ther  fpiders,  it  terminates  in  two  hooks,  like  the 
other  legs.  This  plumage  is  ufually  of  the  fame 
colour  with  the 'reft  of  the  body,  and  fometimes 
equal  in  bulk  to  the  whole  head.  The  animal 
makes  ufe  of  it,  to  throw  upon  the  wings  of  flies 
it  has  caught,  in  order  to  prevent  their  motion 
and  fluttering,  which  would  greatly  incommode 
it,  in  as  much  as  this  fpider  wants  the  neceflfary 
means,  which  others  are  furniflied  withal,  of  ty¬ 
ing  and  entangling  its  prey. 

The  fifth  fpecies  is.  That  of  field-fpiders,  vul¬ 
garly  called,  I’pinners.  This  fpecies  has  its  fore¬ 
part,  or  head,  and  thorax^  flat  horizontally,  and 
almoft  tranfparent,  being  covered  with  a  very 
fine  whitifli  fleek  fcale  ;  it  has  a  large  black  fpot 
on  its  head,  which  I  take  for  the  brain,  which 
appears  through  the  tranfparent  fhell  it'  is  co¬ 
vered  withal.  This  fpider  has  8  eyes  ranged  in  a 
very  extraordinary  manner,  two  of  them  in  the 
middle  of  the  fore-head,  fo  extremely  fmall  and 
clofe  to  each  other,  that  they  appear  like  one  little 
oval  body  :  at  the  right  and  left  of  the  fore-head, 
are  two  little  prominences  *,  and  at  the  top  of  each 
of  thefe,  are  three  eyes,  placed  very  near  each 
other  *  ;  thefe  eyes  are  bigger  than  the  two  in  the 
middle ;  their  cornea  is  very  prominent,  white, 
and  tranfparent,  though  the  fund  be  black ; 
whereas,  the  eyes  in  the  middle,  are  quite  black. 
From  each  of  thefe  prominences,  as  well  as  from 
the  two  eyes  in  the  middle,  arife  three  very  fen- 
fible  canals,  which  terminate  in  the  black  fpot, 
fuppofed  above  to  be  the  brain.  As  thefe  canals 
recede  from  the  eyes,  they  approach  towards  each 


♦  Fig.  8. 


I 


Other 


42  The  History  ^WMemoirs  of  the 

other,  fo  as  to  end  almoft  in  the  fame  part  of  the 
brain  :  in  them  are  the  optic  nerves  probably 
lodged.  The  legs  of  thefe  fpiders  are  much 
fienderer  and  longer  in  proportion,  than  thofc  of 
other  kinds ;  but  their  arms  are  much  fhorter, 
and  more  flefhy,  bearing  little  or  no  refemblance 
to  the  legs,  as  they  do  in  all  other  fpiders :  their 
legs  are  fo  full  of  hairs,  that  to  the  microfcope, 
they  appear  like  writing  quills. 

The  famous  tarantula  makes  the  fixth  fpecies 
of  fpiders ;  it  has  the  figure  and  appearance  of  a 
common  houfe  fpider,  but  much  Itronger,  and 
more  robuft  in  all  its  parts :  the  legs,  and  bottom 
of  its  belly,  are  fpotted  with  black  and  white  ; 
but  the  top  of  its  belly,  with  all  the  fore-part 
are  quite  black  :  its  head  and  thorax  are  covereci 
with  one  fingle  black  fliell,  perfectly  like  a  little 
fortoife ;  it  has  eight  eyes,  which  are  altogether 
different  from  thole  of  other  fpiders,  both  in  co¬ 
lour,  and  confiftence.  All  the  eyes  of  other  fpi¬ 
ders,  are  either  black,  or  red,  bordering  on 
black*,  and  are  covered  with  a  hard  tranfparent 
fcalc,  remaining  fuch  after  their  death ;  whereas, 
thefe  are  covered  with  a  foft  and  moifl  cornea, 
which  withers  and  finks  when  they  are  dead  :  their 
colour  is  white,  bordering  fomewhat  on  yellow, 
very  bright,  and  fparkling  like  cats  eyes,  when 
viewed  in  the  dark  *,  they  are  fituate  four  in  a 
fquare  figure,  in  the  middle  of  the  fore-head  \ 
and  four  in  a  horizontal  line,  below  the  four 
firfl: :  thefe  laft  border  the  bottom  of  the  fore¬ 
head,  and  are  placed  immediately  over  the  root 
of  its  gripe,  or  pinchers.  Thefe  eyes  are  of  diffe¬ 
rent  bulk  *,  the  four  firil  are  nearly  alike,  being 
about  a  line  in  diameter,  and  fufficiently  vifible 
without  a  microfcope  ;  but  the  latter  are  not  above 
half  the  diameter  of  the  former.  The  tarantula 
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is  very  mifchievous,  and  will  bite  on  its  own  ac¬ 
cord,  during  the  coupling  feafon.  I  have  feen 
them  at  Rome^  but  they  are  not  minded,  as  having 
never  been  known  to  do  any  harm  ;  but  in  the 
kingdom  of  Naples  they  do  a  deal  of  mifchief,  by 
reafon  we  fuppofe  the  country  is  much  hotter 
(here  than  at  Rome,  The  fymptoms  which  be¬ 
fall  thofe  wounded  thereby,  are  very  whimfical  as 
well  as  the  cure.  They  have  been  defcribed  by 
feveral  Italian  and  French  authors ;  and  tho’  their 
hiftory  appears  fomewhat  fabulous,  it  is  real  ne- 
vcrthelefs.  An  account  of  them  has  been  given 
us  by  M.  Geoffroy  \  and  an  extradl:  thereof  in  the 
hiftory  of  the  academy  for  the  year  1 702,  to  which 
we  refer  the  reader. 

An  explanation  of  the  figures^  tranjlated  by  J.  M. 

Fig.  4.  Reprefents  the  eyes  and  claws  of  the 
houfe  fpider. 

Fig.  5.  The  garden  fpider,  which  keeps  in  the 
air,  in  the  middle  of  its  web. 

Fig.  6.  The  black  fpider,  which  inhabits  in  the 
holes  of  old  walls. 

Fig.  7.  The  wandering  fpider,  which  does  not 
keep  in  one  neft  like  the  others,  and  goes  out  to 
hunt  flies  and  other  infe<fl:s. 

Fig.  8.  The  head  and,  eyes  of  the  field-fpidef, 
commonly  called  the  fpinner. 

Fig.  9,  9.  The  tarantula. 

Fig.  10.  A  fpider  reverfed,  .which  fhews  the 
p'apilU  of  its  anus^  which  jit  makes  ufe  of  for  the 
thread, 
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V.  Of  the  effect  of  gunpowder^  cbiefy  in 
7nines^  by  M.  Chevalier*. 

Every  one  knows,  that  gunpowder  is  a  compo- 
fitioh  of  filtpetre,  fulphur,  and  charcoal,  beat 
and  mixed  together  and  that  a  certain  propor-  ' 
tlon  is  to  be  obferved  in  the  mixture  of  thefe  in¬ 
gredients,  and  precautions  taken  in  the  choice  of 
them,  and  in  the  manner  of  making  the  powder, 
which  contribute  to  the  goodnefs  thereof.  But 
this  is  not  what  we  dcfign  here  to  examine.  It  is 
of  the  effed  of  the  powder,  and  chiefly  in  mines, 
which  I  propofe  to  treat. 

The  late  marfhal  de  Vauhajt  communicated  to 
me  a  great  number  of  experiments  on  this  fubjedl. 
This  great  man  who  was  always  employed  in  pro¬ 
moting  the  king’s  glory,  and  the  grandeur  of  the 
ftate,  having  obferv’d  on  many  occafions,  that 
the  fuccefs  of  mines  did  not  always  anfwer  to  ex¬ 
pectation,  thought  it.neceflfary  by  exaCt  experi¬ 
ments  to  determine  the  different  effeCIs  of  mines  in 
all  the  feveral  circumftances  wherein  they  may  be 
employ’d and  from  thence  conclude  on  certain 
rules  to  be  obferv’d  on  important  occafions.  The 
fuccefs  has  juffified  thefe  rules  ;  but  before  I  lay 
them  down,  I  muff  explain  the  reafon  why  gun¬ 
powder  when  it  takes  fire,  is  capable  of  making 
fuch  great  efferts. 

Firft  I  confider,  that  air  is  neceffary  to  the  ac¬ 
tion  of  the  powder  ;  for  by  experiments  made  in 
the  air-pump,  it  will  not  take  fire  from  a  flint  in 
the  vacuum  and  though  it  takes  fire  from  the 
fun-bcams,  by  means  of  a  double  convex-glafs, 
yet  it  is  almoft  without  any  noife  or  effort. 

*  Nov.  12,  1707. 
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Secondly,  The  bodies  whereof  gunpowder  is 
compofed,  do  not  with  equal  facility  take  fire. 
Sulphur  takes  it  more  readily  than  charcoal,  and 
charcoal  than  faltpetre,  which  is  the  predominant 
ingredient  in  the  powder ;  there  is  commonly  3 
parts  of  faltpetre,  to  one  of  both  the  other  taken 
together.  It  is  alfo  to  be  fuppofed,  that  each  of 
thefe  bodies  is  compofed  of  parts  of  unequal  apt- 
nefs  in  taking  fire. 

Thirdly,  The  powder  mull  be  very  dry,  that  it 
may  the  fooner  take  fire  ;  it  muft  be  granulated 
that  the  flame  may  very  fubtilely  communicate  it- 
felf  through  the  fpaces  left  between  ,the  grains, 
which  mult  all  perform  their*  eflbrt  almolt  at  the 
fame  time. 

1.  This  being  fuppofed,  it  may  be  conceived,  that 
firlt  the  different  bodies  whereof  powder  is  com¬ 
pofed,  taking  fire  fucceflively,  the  fire  diredtly  im- 
prefles  its  adtion  on  the  firft  or  moft  fubtile,  which 
afterwards  communicates  a  certain  degree  of  velo¬ 
city  to  the  fecond  *,  and  the  fecond  to  the  third, 
and  fo  on  till  the  whole  matter  being  kindled, 
makes  its  effort. 

2.  Moft  of  thofe  bodies  againfl:  which  the 

powder  adts,  have  alfo  parts  of  unequal  folidity 
capable  of  communicating  to  one  another  fuccef- 
fively  the  motion  of  the  parts  of  the  powder ;  and 
the  effort  of  the  parts  of  the  powder  will  be  fo 
much  the  more  confiderable,  the  greater  number 
there  are  of  parts  of  unequal  folidity,  either  in  the 
ingredients  of  the  powder,  or  in  the  bodies  againft 
which  it  adls ;  (all  things  elfe  being  equal)  and 
that  thefe  parts  have  with  one  another,  and  nearer 
relation  to  a  geometrical  progreflion,  beginning 
at  the  moft  fubtile,  and  proceeding  to  the  moft 
grofs,  as  has  been  fliowm  by  the  learned  hi.  Huy¬ 
gens^  in  his  Laws  of  Motion^  and  alter  him  by 
AI.  Carrs.  It 
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It  may  therefore  be  concluded,  that  the  bodies 
alone  w hereof  powder  is  compofed,  being  put  in 
motion  by  fire,  become  capable  by  ftrikingagainft 
one  another  to  contribute  to  the  great  effeS:  which 
it  produces  :  but  I  think  it  not  poflible  to  reduce 
to  calculation  what  fhare  they  have  in  it,  becaufe 
the  proportion  of  fever al  parts  of  the  bodies 
whereof  powder  is  compofed,  are  not  known, 
nor  that  of  the  bodies  on  which  it  afts. 

II.  Let  us  now  examine  what  effort  the  air 
contained  in  the  grains  of  powder,  and  that  which 
fills  all  thofe  little  fpaces  between  the  grains,  is  ca¬ 
pable  of  producing  by  its  fpring  when  it  is  dilated 
by  the  aftion  of  fire.  Experiments  have  fhewn, 
that  the  fpring  of  the  air  becomes  capable  by  the 
heat  of  boiling  water,  to  luftain  a  weight  three 
times  greater  than  what  it  will  fuftain  in  a  tempe¬ 
rate  degree  of  heat, 

I  fuppofe  a  certain  bulk  of  powder,  contains  in 
all  its  pores,  and  between  the  fpaces  of  the  grains, 
as  much  air,  as  it  contains  proper  ingredients  of 
the  powder;  thus  2  cubic  feet  of, powder,  which 
weigh  about  i^o  lb.  contain  i  cubic  foot  of  air. 
If  a  mine  is  conceived  to  be  charged  with  140  lb, 
of  powder,  and  that  the  aperture  of  this  mine  is  a 
foot  fquare,  the  air  contained  in  the  mine,  will 
by  the  preffure  of  the  external  air,  with  which  it 
is  in  equilibrio.,  fuftain  a  weight  of  more  than 
2,200/^.  which  is  the  weight  of  a  prifm  of 
quickfilver,  whofe  bafis  is  a  foot  fquare,  and  28 
inches  high.  If  to  this  air  contained  in  the  mine, 
a  degree  of  heat  is  communicated  equal  to  that  of 
boiling  water,  it  will  become  capable  by  its 
fpring,  to  fuftain  a  weight  of  about  2,900/^. 
that  is  a  third  more  than  before;  thus  if  the  weight 
which  refifts  the  effort  of  this  air,  is  lefs  than 
yoolb.  it  will  be  lifted  up.  And  if  It  is  liippofed 

that 
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tiiat  the  aftion  of  the  fire,  imprefies  on  the  air  a 
degree  of  heat  100  times  greater  than  that  which 
it  receives  from  boiling  water,  it  will  become  ca¬ 
pable  of  fuftaining  a  w'eight  100  times  greater. 
In  this  cafe,  one  cubic  foot  of  air  will  fuifain  a 
weight  of  near  290,000  lb. 

It  has  been  fuppofed,  that  the  a<5llon  of  fire 
augments  the  force  of  the  fpring  of  air  only  loo 
times  more  than  the  heat  of  boiling  water  :  but 
there  is  a  probability,  that  it  augments  it  confide- 
rably  more  *,  for  it  is  certain  that  the  force  of  the 
fpring  of  the  air  when  loaded,  augments  in  the 
fame  proportion  as  its  bulk  would  augment,  if  k 
was  not  loaded  :  thus  by  the  heat  of  boiling  wa¬ 
ter,  the  air  would  only  augment  its  bulk  one 
third  ;  but,  by  M.  Amonton^^  experiments,  pow¬ 
der,  which  has  taken  fire,  augments  its  bulk 
4000  times ;  and  it  mufb  be  imagined,  that  the 
air  contained  in  the  powder  hath  a  great  fliare  in 
this  increafe,  which  neverthelefs  I  do  not  think 
it  poffible  to  determine  exadlly. 

However,  without  having  any  regard  to  the 
motion,  which. may  be  produced  from  the  diffe¬ 
rent  bodies,  whereof  the  powder  is  compofedy 
ftriking  againft  one  another,  for  this  cannot  be 
brought  to  a  calcu-Iation  ;  and  only  fjppofing, 
that  the  adlion  of  fire  augments  the  force  of  the 
fpring  of  air  100  times  more  than  the  heat  of  boil¬ 
ing  water,  it  has  been  juft  now  fhown,  that  one 
cubic  foot  of  air,  contained  in  two  cubic  feet  of 
powder,  is  capable  of  fiiftaining  a  weight  of  near 
290,000/^.  but  this  effort  being  made  from  all 
parts  againft  the  furface  of  all  the  bodies  which 
furround  the  powder,  as  from  a  centre  to  the  cir¬ 
cumference,  it  is  divided  among  all  chefe  bodies ; 
fo  that  if  a  cubic  mine  is  fuppofed,  whofe  fix  faces- 
equally  give  way,  each  face  of  the  mine  will  fuf- 

tain 
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tain  the  fixth  part  of  the  whole  effort  of  the 
powder  which  it  contains ;  thus  in  the  pre¬ 
ceding  fuppofition  each  face  will  fuflain  a 
weight  of  about  48,000  Ih,  but  if  there  were 
five  faces  of  this  mine  immoveable,  the  ef¬ 
fort  would  fall  entirely  on  the  fixth,  which  would 
then  fuflain  the  whole  weight  of  290,000  lb. 
This  effort  is  much  greater  than  what  is  found  by 
experiments;  for  1^0  lb,  of  powder  raifes  only 
about  30,000  lb,  weight  of  earth,  as  refults  from 
the  experiments  which  fhall  afterwards  be  given. 

The  reafon  of  this  difference  proceeded  from 
many  caufes  ;  i.  From  the  powder  not  taking 
fire  all  at  once,  the  a6lion  of  the  firff  fire  is  fi- 
nifhed,  or  at  lead  confiderably  diminifhed  at  the 
time  of  the  effort  of  the  fecond. 

2.  A  part  of  this  effort  is  loft  by  the  paffage 
which  conveys  the  fire  into  the  mine,  and  by  the 
pores  of  thofe  bodies  which  encompafs  the  mine. 
Experience  fhows,  that  in  counter-mines  1 5  or  20 
feet  diftance  from  mines  which  have  been  played, 
there  is  an  infupportable  fmell  of  burnt  powder  ; 
nay,  that  even  the  fmoak  conveys  itfelf  through 
the  earth. 

3.  The  tenacity  of  the  parts  from  being  feparated 
is  another  obftacle ;  fo  that  a  greater  force  is  ne- 
ceffary,  for  example,  to  raife  1,000  lb.  of  old 
mafonry  well  bound,  than  the  fame  quantity  of 
new,  or  fuch  as  is  not  well  bound  ;  for,  befides 
the  weight  of  raifing  them,  this  cohefion  muft  be 
alfo  broken. 

4.  Tofuftainthe  weightof  the  earth  alone  is  not 
fufiicient  ;  but  a  great  part  of  the  effort  of  pow¬ 
der  is  alfo  employed  in  carrying  it  upwards  with 
a  certain  velocity . 

5.  The  refiftance  of  the  furrounding  air  is  ano¬ 
ther  obftacle  to  be  furmounted,  to  which  no  re- 

1  gard 
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gard  is  had  in  pradlice,  though  it  is  very  con- 
fiderable,  and  perhaps  the  moil  confiderable  of 
alJ. 

III.  To  form  a  clear  idea  of  the  manner 
by  which  powder  a6ls  on  bodies,  let  us  fuppofe 
an  immoveable  gun  fixed  vertically  with  the 
mouth  upwards,  ot  an  indefinite  length,  or  at  leaft 
long  enough  for  a  ball  to  make  all  the  range 
which  the  powder  can  fend  it ;  and  having  no 
regard  to  the  fridlion  of  the  ball  in  the  barrel  of 
the  gun,  let  us  fuppofe  that  it  is  applied  imme¬ 
diately  to  the  powder,  and  that  it  is  fo  perfedl  a 
caliber,  as  exa6lly  to  fit  the  barrel  of  the  gun,  fo 
that  no  air  can  pafs  between  ;  in  order  that  we 
may  only  confider  what  can  happen  from  the  re- 
fifiance  of  the  air,  and  the  effort  of  the  powder. 

In  this  hypothefis,  if  fire  is  put  to  gunpowder, 
it  will  catch  it  fucceflively,  and  the  ball  will  not 
go  out  till  there  is  a  fufficient  quantity  thereof, 
not  only  to  get  the  better  of  the  weight  of  the 
ball,  but  alfo  of  the  column  of  air  v/hich  refls  up- 
it.  So  that  if  the  ball  be  fix  inches  in  diameter, 
it  will  weigh  near  33  lb.  and  the  column 
of  air  will  weigh  about  440.  Thus  the 
ball  will  not  be  perceived  to  move,  till  that  quan¬ 
tity  of  powder  takes  fire,  which  is  able  to  move 
a  weight  of  473  lb.  The  powder  continuing  to 
take  fire,  it  will  fuccefiively  augment  the  fwifi- 
nefs  of  the  ball,  till  it  has  acquired  its  greatefl  ve¬ 
locity,  which  would  be  the  fame  v/ith  the  in¬ 
flamed  parts  of  the  powder,  did  not  the  air  refill 
it  •,  but  as  the  refillance  of  the  air,  which  the 
ball  expels,  augments  in  the  proportion  of  the 
fquare  of  the  velocities  of  the  ball,  there  is  a 
fixed  time  when  this  refillance  become^  equal  to 
the  new  effort,  which  the  ball  receives  from  the 
powder.  Thus  when  there  is  too  great  a  quan- 
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tity  of  powder  in  the  gun,  it  will  not  augment  the 
velocity  of  the  ball.  Suppofing  therefore  that 
there  is  in  this  gun  qnly  a  lufficient  quantity  of 
powder,  to  give  it  the  greateft  velocity  it  is  ca¬ 
pable  ot  acquiring,  the  effort  of  the  powder  will 
after  that  diminifh  iucceffively,  till  it  entirely 
ceafes  ;  and  then  did  not  the  air  refill  the  motion 
of  the  ball,  it  would  continue  to  move  with  a  uni¬ 
form  fwiftnefs,  equal  to  its  greateft  acquired  ve¬ 
locity  :  but  the  air  continually  refilling,  the  Iwift- 
nels  oi  the  ball  diminiHies  each  inftant,  fo  that 
there  is  a  fixed  time,  wherein  the  remaining  im- 
preffion,  which  the  powder  has  given  to  the  ball, 
is  equal  to  the  reliftance  of  the  air,  and  then  the 
ball  can  no  longer  move.  But  the  weight  of  the 
air  and  of  the  ball  ading  againft  it,  with  an  ef¬ 
fort  of  473  i\ud,  will  repel  the 

ball  to  the  bottom  of  the  gun,  by  accelerating 
its  velocity,  like  all  heavy  bodies. 

From  what  has  been  laid,  it  may  be  con¬ 
cluded, 

1 .  That  the  beft  powder  (every  thing  elfe  be¬ 
ing  equal)  is  that  which  fooneft  take  fire. 

2.  That  the  barrel  of  the  gun,  near  the  breech, 
ought  to  be  fuch,  that  a  greater  quantity  of  pow¬ 
der  may  take  fire  therein  before  the  ball  goes  our. 
7'his  is  the  reafon  why  guns,  with  chambers, 
carry  farther  with  an  equal  quantity  of  powder, 
or  as  far  with  a  lei's  quantity  than  thofe  whofe  bar¬ 
rel  is  entirely  cylindrical. 

3.  That  in  a  gun,  whofe  barrel  is  cylindrical, 
of  a  given  length,  there  is  a  determined  quantity 
of  gunpowder  which  drives  the  ball  as  far  as  pol- 
fible;  and  this  quantity  is  fuch,  as  may  have 
time  to  take  fire  while  the  ball  is  in  the  gun.  But 
the  more  powder  there  is  on  fire  in  the  gun,  the. 
more  danger  there  is  ol  its  burlVirg,  bccaufe  its 


Royal  Academy  ^  Sciences.  "51 

effort  is  greater,  and  it  remains  longer  againft  the 
fide  of  the  gun. 

4.  That  the  longer  that  part  of  the  gun  is, 
through  which  the  ball  is  to  run,  fuppofing  it 
does  not  attain  its  greateft  velocity,  the  more 
powder  may  be  put  into  it;  becaufe  the  ball 
caking  up  more  time  in  paffmg,  a  greater  quan¬ 
tity  of  powder  has  time  to  take  fire,  of  which  it 
receives  the  impreffion.  This  is  probably  the 
reafon,  that  forne  very  long  guns,  fuch  as  the  * 
culverin  of  Nancy^  carry  much  farther  than  com¬ 
mon  guns  of  the  fame  caliber. 

5.  That  the  quantity  of  powder  with  which  a 
gun  is  charged,  and  the  fhape  of  its  barrel  being 
determined,  there  is  alfo  a  length  in  the  gun  which 
has  all  poflible  advantages ;  fo  that  a  greater 
length  would  leffen  the  range  of  the  ball.  This 
length  is  fuch,  that  the  ball  may  go  out  of  the 
mouth  of  the  gun,  when  all  the  powder  has 
made  its  effort ;  and  if  the  quantity  of  powder  is 
undetermined,  this  length  is  fuch,  that  the  ball 
will  go  out  of  its  mouth  when  it  has  acquired  its 
greateft  velocity.  Therefore  guns  of  the  new  in¬ 
vention,  whofe  barrel  near  the  breech  is  fpheri- 
cal  or  fpheroidal,  in  which  the  powder  being 
more  olofe  together,  takes  fire  more  readily,  are 
not  fo  long  as  thofe  whofe  barrel  is  cylindrical. 

6.  That  the  effort  of  the  powder,  towards  one 
certain  fide,  is  greater  in  proportion  to  the  re- 
fiftance  it  meets  with  from  the  others  ;  and  thus 
the  more  difficult  it  is  for  a  gun  to  recoil,  whe¬ 
ther  becaufe  of  its  weight,  or  any  other  impedi¬ 
ment,  the  farther  will  it  fend  the  ball.  The  dif-- 
ficulty  of  conveying  very  heavy  guns  by  land, 
and  the  expcnce  requifirefor  this,  caufe  them  to 
be  made  as  light  as  poffible,  provided  they  can 
rcfift  the  elFort  of  the  puvs^der  ;  but  guns  made 
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for  fliips,  are  commonly  much  heavier  than  thofc 
defjgned  for  land  fervice. 

Let  us  now  ^pply  what  has  been  faid  of  the 
a6lion  of  powder  in  general,  to  its  particular  ef¬ 
fort  in  mines.  1  fuppofe  it  is  known  what  a 
mine  is,  and  the  different  kinds  thereof,  as  Four- 
neaux,  Fougades^  &c.  The  precautions  which 
ought  to  be  taken  in  digging  and  charging  them, 
propping  up  the  galleries  and  branches  which 
lead  to  them,  flopping  them  up,  the  way  of  dif- 
pofing  the  lauciffe,  which  conveys  the  fire  to  it; 
all  whicli  things  are  well  deferibed  by  thofe  who 
have  treated  on  mines.  It  is  chiefly  to  determine 
the  moft  advantageous  difpofition  of  them,  and 
the  quantity  of  powder  with  which  they  ought  to 
be  charged,  that  they  may  perform  the  effefl 
propofed,  that  we  were  obliged  to  make  thefe 
experiments. 

Mines  are  either  made  in  the  body  of  the 
earth,  fuch  as  are  made  by  the  befieged  to  blow 
up  the  batteries  and  works  of  the  befiegers,  be¬ 
fore  they  make  a  lodgment  on  the  covered  way  ; 
or  on  rifing  ground,  where  nothing  joins  to  it 
either  on  the  right  or  left,  as  to  make  a  breach  in 
ramparts  made  of  earth  or  to  blow  up  walls, 
which  may  be  dry  or  thrown  down  ;  to  conclude, 
fometimes  they  are  made  iile  of  to  tear  up  rocks. 

All  the  experiments  have  difeovered; 

I.  That  the  cffec^l  of  the  mine  is  always  made 
on  the  weakcil  fide  ;  thus  the  difpofition  of  the 
chamber  of  a  mine  does  not  contribute  to  deter¬ 
mine  this  efied,  either  to  one  fide  or  another,  as 
the  miners  had  falOy  imagined. 

I I.  I’liat  a  greater  or  lefs  quantity  of  powder 
is  requifite,  according  to  the  inequality  of  the 
weight  of  ihofe  bodies  which  the  mine  is  to  raife, 
and  accordi'  g  to  the  inequality  of  their  cohefion, 

and 
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and  the  refult  of  all  the  experiments  which  have 
been  made,  to  know  what  quantity  of  powder 
muft  be  ufed  according  to  the  different  bodies,  is 
to  each  cubic  toife, 

lb.  of  powder. 

Of  ioofe  earth  9  or  10 

Of  firm  earth,  and  ftrong  fand  11  or  12 

Of  fat  clayey  earth  15  or  16 

Of  newmafonry,  butflightly  bound  15  or  20 

Of  old  mafonry,  well  bound  25  or  30 

III.  The  aperture  of  a  mine,  which  has  played 
in  the  body  of  the  earth,  being  properly  charged, 
is  made  in  a  cone,  the  diameter  of  whofe  bafe  is 
double  the  height  taken  from  the  centre  of  the 
mine. 

IV.  That  when  a  mine  is  over-charged,  it 
makes  only  a  hole  or  well,  whofe  fuperior  aperture 
is  not  greater  than  the  chamber  wherein  the  pow¬ 
der  was  lodged. 

V.  That  befides  the  effort  of  the  powder  againft 
the  bodies  which  it  raifes,  it  alfo  prcffes  and 
crufhes  all  the  earth  near  it,  both  underneath  and 
on  the  Tides  of  it,  and  this  preffure  or  crufh  ex¬ 
tends  fo  much  the  farther,  as  the  furrounding 
bodies  make  lefs  refiflance. 

To  account  for  all  the  effedls  refulting  from 
thefe  experiments,  and  afterwards  determine  the 
quantity  of  powder  with  which  mines  ought  to 
be  charged,  and  the  moft  advantageous  difpofi- 
fion  to  produce  the  effects  propofed  by  them. 

Let  us,  I.  conceive  a  mine,  whereof  all  the 
parts  furrounding  it  are  incapable  of  compreffion, 
and  make  equal  refiflance,  fuch  as  a  bomb  of 
equal  thicknefs  every  where  would  make,  fuf- 
pended  in  the  air;  it  is  evident  that  in  this  cafe, 
befides  the  refiflance  of  the  body,  the  effort  of 
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the  powder  muft  furmount  the  weight  of  the  fur¬ 
rounding  air  5  and  then  the  body  inufl:  be  re¬ 
duced  to  dull,  or  at  leaft  into  very  fmall  pieces. 

By  the  way,  it  muft  be  obferved,  that  the 
bomb  differs  from  this  fuppofed  mine,  only  in 
its  being  a  little  thicker  at  the  bottom,  oppofite 
to  the  fufee  than  elfe  where. 

The  bottom  of  the  bomb,  is  made  moft  folid 
for  two  reafons.  i.  That  this  part  being  heavieft, 
may  turn  towards  the  ground  when  the  bomb 
falls,  left  it  Hiould'be  broken  by  its  fhock  againft 
thofe  bodies  which  it  meets  with.  2.  that  it  may 
not  fall  on  the  fufee,  which  might  extinguifh  it ; 
cither  of  which  cafes  happening,  the  bomb  would 
not  execute  the  principal  effecft  defigned,  which 
ij  to  convey  the  fire  into  the  enemy’s  magazine, 
after  having  by  its  fail,  made  way  through  the 
vaults  or  boards  of  the  places,  which  contain 
them.  Bombs  are  alfo  on  many  occafions  made 
ufe  of  in  mines,  as  to  blow  up  a  butterefs  in  the 
walls  of  a  rampart,  v/hen  a  breach  is  to  be  made 
in  an  invefted  rampart,  and  in  xht  fougades  made 
for  the  defence  of  the  outfide  af  a  place. 

Let  us  in  the  fecond  place  conceive  a  mine, 
wherein  all  the  bodies  which  encompafs  it,  are 
equally  capable  of  compreffion,  and  make  a 
refiftance  with  equal  force  on  all  fidts.  In  this 
cafe,  the  firft  eft'e^f  of  the  fired  powder,  would  be 
to  cruQi  and  com prefs  equally  all  thefe  bodies,  and 
they  will  not  be  divided  or  feparated,  till  by' 
their  compreffion,  they  become  capable  of  refift- 
ing  its  effort  *,  lo  the  powder  therein  may  be  in 
juch  a  fmall  .quantity,  that  its  whole  effeeft  may 
only  terminate  in  the  compreffion  of  the  adjacent 
bodies.  I  his  is  the  rcafon,  why  in  mines  made 
in  the  earth,  the  chamber  is  flopped  up  with- 
Itrong  beams  well  fupponed  ;  fometimes  even 

with 
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with  ftones  that  the  adjacent  parts  may  have  more 
refinance.  It  is  eafy  to  conceive,  that  if  the  ad¬ 
jacent  parts  to  the  chamber  of  fuch  a  mine,  as  has 
been  fuppofed,  were  unequally  capable  of  com- 
prelTion,  inftead  of  the  comprefTion  extending 
equally  in  a  Iphere,  as  in  the  firft  cafe,  it  would 
in  this  fecond  cafe  extend  unequally. 

To  conclude,  if  is  fuppofed  that  in  a  mine,  all 
the  encompafling  bodies  are  equally  capable  of 
comprelfion,  but  that  there  is  lefs  refi fiance  on 
one  fide  than  the  other,  as  it  happens  to  all  mines 
which  are  made  in  the  body  of  the  earth,  a  fphere 
of  comprciTion  will  immediately  be  made,  whofe 
diameter  wil!  be  fo  much  the  greater,  in  propor¬ 
tion  to  the  refiftance  of  the  weakefl  part  on  its 
being  raifed  ;  on  which  three  things  may  be 
obferved. 

I .  If  the  effort  of  the  powder  is  very  great  in 
proportion  to  the  refiftance  on  the  weak  fide,  the 
compreflion  will  not  extend  far  ;  and  this  part 
will  be  raifed  fo  fuddenly,  that  the  neighbouring 
parts  having  not  time  to  fhake,  there  will  only 
be  made  a  hole  or  well,  whofe  diameter  will  be 
very  near  equal  to  that  of  the  chamber  of  the 
mine,  the  earth  of  which  will  be  throv/n  at  a 
great  diftance.  This  is  what  happened  when 
Verue  was  befieged  by  ^^.deVendome,  the  befieged 
fprang  two  mines,  which  being  overloaded,  did 
not  blow  up  the  batteries  which  annoyed  them  ; 
ihefe  mines  made  holes  or  wells  wherein  the  bc- 
fiegers  made  lodgements  under  flielter. 

Secondly,  if  the  mine  is  under  charged,  it 
makes  only  a  fimple  comprefTion,  or  at  moft  a 
hrtle  rifing  near  the  weakefl  part,  as  it  happened 
at  the  fie^ies  of  Ciudad  Rodrigo, 

In  fhort,  if  the  mine  is  charged  with  a  quan- 
dey  of  powder,  between  thefe  tv/o  extremes,  it 
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will  raife  a  cone  of  eardi,  the  diameter  of  whofe 
bafe,  will  have  a  greater  or  lefs  proportion  to  its 
height,  from  the  centre  of  the  mine,  according  as 
the  etFort  of  the  powder  is  greater  or  lefs.  And 
the  mod  advantageous  effecft,  is  when  the  diameter 
of  the  bafe  of  this  cone  is  double  its  height ;  for 
then  almoft  all  the  earth  which  was  raifed,  falling 
back  into  the  aperture  of  the  mine,  the  enemy 
cannot  make  ufe  of  it  for  a  lodgment.  In  order 
to  produce  this  effedV,  the  quantity  of  powder  ne- 
ccfiary  in  proportion  to  the  different  bodies  to  be 
raifed  by  mines,  has  been  determined  by  experi¬ 
ments. 

To  charge  a  mine  therefore,  that  it  may  per¬ 
form  its  effe61;  with  all  pofTible  advantage,  the 
weio-ht  of  the  bodies  which  are  to  be  raifed  mud 

O 

be  known  ;  that  is  the  folidity  of  the  right  cone 
mud  be  found,  whofe  bafe  is  double  the  height 
of  the  earth,  ov^er  the  centre  of  the  mine,  which  is 
eafy  to  be  found  by  the  rules  of  geometry ;  the 
little  cone  contained  in  the  chamber  of  the  mine, 
may  be  fubtraCled  ;  but  fuch  minuteneffes  are  of 
no  confequence,  and  the  cube  of  its  height  may 
even  be  taken  for  the  folidity  of  this  cone  *,  thefe 
foliditics  arc  not  fo  much  unlike,  as  to  caufe  any 
fenfible  difference  in  the  effedl  of  the  mine. 
Having  found  the  folidity  of  this  cone  in  cubic 
toifes,  multiply  the  number  of  thefe  toifes,  by 
the  number  of  pounds  of  powder  neceffary  to 
raife  the  bodies  which  it  contains,  as  diredled 
in  the  experiments  *,  and  if  the  cone  to  be  raifed, 
contains  bodies  of  different  weights,  a  mean  weight 
mud  be  taken  between  them  all,  having  alfo  re¬ 
gard  to  thofe  which  have  mod  cohefion.  It  is  in 
general  bed  to  put  rather  a  little  too  much  powder 
than  too  little.  As  to  the  difpofition  of  mines,  it 
mud  be  obferved  for  a  general  rule,  that  the  part 
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towards  which  we  would  determine  its  effe6l,fliould 
be  the  weakeft.  We  will  not  here  enter  into  the 
particulars  of  this  difpofition,  it  varies  according  to 
the  variety  of  circumftances, in  which  they  are  em¬ 
ployed,  and  the  efi'edls  we  would  have  them  pro¬ 
duce  ;  and  may  eafily  be  concluded  from  the  prin¬ 
ciples  already  laid  down. 

VI.  A  new  conflrii^iion  of  fiiices^  by  M, 

de  la  Hire 

Sluices  are  commonly  made  on  fmall  rivers, 
which  have  no  great  fall,  and  but  little  water,  the 
river  is  therefore  flopped  at  fome  convenient 
place,  that  a  fufficient  quantity  of  water  may  be 
colledled  above  it,  to  carry  a  boat  •,  and  when 
the  boats  are  come  to  the  Iluice,  they  expeditioufly 
open  it,  and  the  boats  pafs  through  it,  being 
fupported  by  the  colledled  water. 

The  common  way  of  fliutting  fluices  is  very 
fimple,  and  of  fmall  expence,  it  is  placing  fe- 
veral  pieces  of  fquare  boards  againfl  a  groundfel 
fixed  crofs  the  bottom  of  the  river,  and  on  the 
top  againfl  another  piece  of  wood,  which  alfo 
goes  crofs  the  width  of  the  river,  and  is  parallel 
to  the  groundfel,  but  is  eafily  moved  on  a  great 
pin  at  one  end  thereof;  and  the  other  end  faflened 
to  fome  folid  and  firm  body,  when  it  is  in  a  fi- 
tuation  parallel  to  the  fell.  All  the  boards  which 
flop  the  fluice,  and  are  placed  againfl  the  fell,  and 
the  tranfverfe  beam  at  the  top,  are  called  aiguilles^ 
and  are  retained  or  held  only  by  the  water,  which 
rifes  by  degrees  in  the  canal,  or  river,  above  the 
fluice :  but  all  thefe  aiguilles  are  never  placed  fo 
exa(5lly  clofe  to  each  other,  as  to  prevent  the 
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waters  running  between  them ;  which  is  a  great 
fault  in  thefe  fort  of  fluices. 

When  the  fluice  is  to  be  opened,  they  haften 
to  take  out  thefe  aiguilles^  and  turn  the  tranfverfe 
beam  at  the  top,  to  give  free  paffage  to  the  boat; 
but  this  cannot  be  done  fo  foon  as  not  to  endanger 
its  running  aground,  or  being  faft  on  thegroundfel 
in  the  middle  of  the  fluicc.  Therefore  it  is  the 
practice  in  many  places  to  fallen  ropes  to  the  top 
of  all  the  aiguilles^  the  more  eafily  to  draw  them 
on  fliore,  and  more  cxpeditioufly  than  by  fland- 
ins:  on  the  beam. 

But  here  is  a  way  of  opening  and  fliutting 
fluices  at  once,  and  without  trouble.  They  may 
be  fhut  or  iiopped  v»^ith  two  doors,  fuch  as  are 
commonly  made  ufe  of  at  the  entrance  and  going 
out  of  great  fluices.  Tliey  are  folding  doors 
which  bear  againft  one  another,  and  make  a  fa- 
fient  angle  to  the  fide  up  the  river  :  but  the  whole 
art  confiffs  in  the  conflrudion  of  the  door.  * 

Each  folding  door'*  A  B  is  only  a  frame  of  wood, 
of  fufficient  ftrength,  for  the  ufe  and  place.  T  hefe 
frames  are  hung  upon  hinges  at  C,  which  are  on 
the  pods  on  each  fide  of  the  duice,  in  the  com¬ 
mon  manner  of  doors,  and  open  upwards  of  the 
river :  but  the  real  doors,  which  ihut  die  open 
part  of  the  frames,  are  hung  on  hinges  at  D,  on 
the  upright  battens  of  the  frames,  which  are  to 
join  or  meet  when  the  doors  fliut,  and  thefe  doors 
open  downward  of  the  river  contrary  to  the  frames. 
Near  E,  they  have  each  a  little  latch,  or, rather  a 
liafp,  with  a  hole,  which  admits  a  ftaple,  thro’ 
which  a  pin  may  be  put  F,  with  a  long  handle 
like  a  bolt,  that  it  may  be  placed  in  the  hole  or 
eye  of  the  ftaple,  when  they  are  Handing  on  tlie 
top  of  tiie  door. 

*  i’i.'itc  1.  Fig.  II. 
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It  is  feen  by  this  conflrudlion,  that  the  doors 
E  D,  being  faftened  to  the  frames  A  B  ;  and  the 
frames  being  one  againil  another,  the  canal  of 
the  river  will  be  fliut  or  (lopped,  and  the  water 
will  rife  againft  thefe  doors  on  the  fide  up  the  ri¬ 
ver  ;  and  when  the  fluice  is  to  be  opened,  they 
need  only  draw  out  both  the  pins  or  bolts  at  the 
fame  time  ;  and  immediately  the  two  doors  going 
with  the  dream,  the  frames  may  be  eafily  placed 
on  the  Tides. of  the  canal,  by  drawing  them  with 
a  chain  or  a  rope  G  B,  as  they  (land  on  the 
fhore  ;  for  the  water  can  have  no  great  power 
over  that  part  of  the  frame  which  is  in  it. 

By  this  conftrudlicn,  it  is  alfo  feen,  that  by 
drawing  the  frames  to  the  Tides  of  the  canal,  the 
doors  E  D  will  dill  continue  with  the  dream,  but 
ar  lad  when  the  frames  are  quite  open,  the  doors 
E  D  will  be  diut  and  return  to  their  place  of 
themfelves,  where  they  need  only  be  fadened 
with  the  bolt. 

In  drort,  there  will  be  no  difficulty  in  fhutting 
up  the  duice,  for  the  water  being  then  almod  on  a 
level  on  both  Tides,  has  not  more  power  againd 
the  door  on  one  fide  than  on  the  other. 

The  parts  of  thefe  frames  may  be  drengthened 
by  two  binders  placed  at  the  top,  higher  than  the 
level  of  the  water  v/hen  it  is  retained,  that  it  may 
take  Jefs  hold  of  the  parts  of  the  frame,  when 
that  is  to  be  opened. 

It  will  be  obferved,  that  it  is  not  nccedliry  that 
the  door  fhould  be  always  as  high  as  the  opening 
of  the  frame,  it  is  fufficient  if  it  keeps  up  the 
water  in  the  canal  high  enough  to  carry  the 
boats.  Let  it  alfo  be  obferved,  that  two  great 
latches  may  be  put  inftead  of  the  two  huifps, 
which  are  in  the  figure,  to  fiden  the  door  the 
dronger,  and  better  to  the  upright  of  the 

frame; 
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frame.  Thefe  latches  will  fallen  into  the  catches 
which  are  to  be  fixed  into  the  door  poll,  and 
there  mull  be  to  each  of  them  a  button  faftened 
into  the  fame  rod,  which  mull  reach  to  the  top 
of  the  door,  and  go  through  two  ftaples,  or  rings, 
which  are  there  to  be  fixed ;  fo  that  by  pulling 
this  rod,  both  the  latches  will  lift  up  at  once,  and 
the  fame  rod  will  ferve  to  fhut  them  when  the 
door  is  put  again  in  its  place,  if  the  latches  do  not 
of  themfelves  fall  into  the  catches  by  their  own 
weight,  and  that  of  the  rod. 
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Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History  of  the 
.Royal  Academy  of  Sciences  at 
Paris^  for  the  Year  1708. 

I.  Upo?2  thunder ;  tran/lated  by  Mr,  Chambers. 
E  have  chymical  operations  in  the  air,  as 


well  as  in  the  laboratories,  and  fometimes 


the  very  fame  :  thus  thunder  is  only  an  inflamma¬ 
tion  occafioned  by  the  mixture  of  a  fulphurous 
matter,  with  an  acid  fpirit. 

Cut  a  difEculty  feems  to  arife  hence,  that  thofe 
two  matters  when  mixed  together  by  a  chymift, 
after  they  are  once  fet  on  fire,  fpend  themfelvcs 
intirely,  fo  that  no  new  inflammation  can  be  made 
without  new  materials ;  whereas,  from  one  and 
the  fame  cloud,  we  frequently  And  a  multitude  of 
flaflies  burfl;  one  after  another,  which  indicate  as 
many  difl'erent  inflammations.  Now  the  inflam¬ 
mable  matter  in  the  cloud  being  diflipated  in  the 
firfl  flafli,  how  fhould  any  nev/  ones  be  formed  ? 

M.  liomherg  is  of  opinion,  that  the  fame  mat¬ 
ters  which  take  fire  by  their  union,  and  by  their 
firing  become  feparated  again,  may  rejoyn  each 
other  anew,  be  kindled  again  ;  and  thus  for  feve- 
ral  rimes  fu^'celTively.  On  earth  this  is  impoflible, 
by  reafon  a>fci  they  are  once  kindled,  and  by  this 
means  n  i.dcred  extremely  rare  and  light,  the 
lower  air  r -  r  h^aiviar  than  tiny,  prefles  them  on 
all  fidcsj  a;;  Liasuifes  them  to  a  region  where 
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they  are  found  in  equilibria  to  a  thinner  air ;  and 
thus  are  loft:  to  us :  but  if  the  fime  matters  be 
raifed  in  exhalations  from  the  bofom  of  the  earthy 
they  are  already  arrived  at  this  region  of  equi¬ 
librium  ;  and  ’tis  here  they  are  kindled,  where  of 
confequence  they  find  no  heavier  air  to  raife  them 
after  the  cxplofion,  fo  that  they  cannot  be  diftl- 
pated,  but  will  remain  where  they  were,  and  may 
rejoyn  each  other  till  fuch  time  as  a  ftiovvcr  caft: 
them  down  on  the  earth,  and  thus  purge  the  air 
of  them. 

This  explication  is  the  more  probable  as  it  is 
founded  on  the  operation  itfelf,  which  reprefents 
thunder  *,  if  in  lieu  of  pouring  fpirit  of  nitre  hafri- 
ly  on  an  effential  oyl,  which  will  produce  a  fudde^ 
inflammation,  it  be  poured  on  drop  by  drop,  we 
fhall  only  find  an  effervefcence  raifed  without  any 
inflammation,  and  the  mixture  of  the  tv/o  liquors 
becomes  a  refin  ;  v/hich  if  put  in  a  retort,  and  di- 
flilled  by  degrees,  will  return  the  acid,  and  the  oyl 
whereof  it  was  formed  :  now  this  acid  and.  oyl  are 
flill  capable  either  of  being  kindled  by  mixing  them 
again,  or  of  producing  a  new  refin,  which  will  in- 
dure  the  fame  operation  it  had  undergone  before,  as 
long  as  you  pleafe.  Here  the  fire  of  the  diftiila- 
tion  makes  the  fame  feparation  of  the  matters,  as 
the  explofion  would  have  done,  if  they  had  been 
fuffered  to  kindle;  whence  it  appears,  that  if 
they  were  not  to  fly  from  us,  they  would  be  as  fit ' 
by  their  re-union  to  form  a  new  flame,  as  a 
new  refin. 

As  in  each  moment  that  a  fl.ifli  of  lightening 
ftrikes  the  eye,  there  is  a  large  quantity  of  matter 
fet  on  fire,  M.  Romberg  imagines,  that  fo  many 
repeated  infiam.mations  may  give  a  certain  deter¬ 
mination  to  the  air,  and  caufe  fomc  of  thofe  vari¬ 
able  winds  which  blow  indifferently  frorr^  all  points 
VoL.  III.  N".  24.  F  ' 
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of  the  horizon,  and  which  are  the  only  ones  which 
we  experience  in  thcle  temperate  climates.  Hence 
perhaps  it  is,  that  we  have  more  fouthern  than 
northern  winds,  fince  there  are  always  violent 
thunders  betwixt  the  tropicks,  winch  are  fouth- 
•  wards,  in  rerpe61:  to  us ;  at  leaft  ic  is  certain,  that 
this  notion  will  very  well  account  why  our  winds 
blow  in  puffs,  or  blafts,  fince  the  flafhes  follow  each 
other  at  fome  diftance,  and  each  gives  its  feveral 
blow  ;  and  if  it  were  certain,  that  the  regular  or 
trade-winds  blow  more  continuoufly,  it  would  be 
a  confirmation  hereof. 

II.  Of  fome  fiells  iiiclofed  in  fojie, 

M.  I'ournefort  has  fhewed  fome  fhells  inclofed 
in  a  bit  of  a  rock,  pierced  by  a  great  many  cavi¬ 
ties,  which  were  as  their  habitation.  The  entrance 
of  thefe  cavities  was  often  narrower  than  their 
bottom,  fo  that  thefe  animals  after  being  entered 
therein  when  fmail,  muff  have  grown  there,  and 
preffed  the  flone  being  yet  tender,  in  proportion 
as  they  grew. 

III.  Of  the  force  of  the  rays  of  the  fun  in 
prefjing  and  pujhing. 

Wc  fliould  not  have  fufpedted,  that  the  rays  of 
the  fun  had  the  force  of  preffmgand  pufliing,  even 
when  they  are  re-united  by  the  burning  mirrour. 
M.  Homberg  has  obferved,  that  if  he  expofed  to 
it  a  very  light  matter,  fuch  2,^  Amianthus^  and  in 
a  pretty  large  quantity,  it  was  reverfed  by  the  rays 
of  the  focus  above  the  coal  which  bore  it,  iin- 
icfs  it  was  prefented  very  fiowly,  and  one  part 
after  the  ocher,  fo  that  it  was  not  firuck  too 
ioughly  by  the  focus ^  nor  all  at  once  in  the  whole 

fur- 
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furface.  Befides,  M.  Romberg  having  ftraitened 
a  fpringof  a  watch,  and  engaged  one  end  of  it  in 
a  block  of  wood,  he  drove  by  repeated  ftrokes 
againft  the  free  end  of  the  fpring,  the  focus  of  a 
lens  of  12  or  13  inches  diameter,  and  he  faw  tnat 
the  fpring  made  very  fenfible  vibrations,  as  if  it 
had  been  thruft  with  a  flick.  This  force  of  the 
matter  of  light  agrees  with  the  weight,  that  has 
been  found  in  it  by  other  experiments. 

IV.  Why  in  fwnmer  ice  772elts  fajler  in  vacuo, 

than  in  air. 

\ 

M.  Romberg  has  found,  that  in  fummer,  ice 
melts  much  fooner  in  vacuo^  than  in  tlie  air.  The 
rcafon  of  it  is  very  plain ;  ice  only  melts  by  the 
adlion  of  the  fubtile  matter  or  ^ther,  and  in  vacuo 
the  whole  fpacc  is  filled  only  with  this  matter. 

V.  Why  the  tenderejl  glajfes  are  leaf  fiibjeEi 

to  break  by  fire. 

M.  Romberg  has  obferved,  that  tender  glaffes, 
that  is,  fuchas  have  more  fait  in  their  compoficioii 
and  lefs  fand,  or  thofe  which  having  more  find 
are  very  thin,  are  lefs  fu' jed;  to  break  at  the 
fire  and  burning  mirrour.  It  is  eafy  to  fee  that 
glafs  is  only  brittle  by  the  extreme  heterogeneity 
of  the  particles  of  fait  and  fand,  of  which  it  is 
compofed,  that  it  breaks  by  the  difficulty  that 
the  lubtile  matter,  when  it  is  flrongly  agitated, 
finds  to  move  freely  in  the  interflices  of  its  parts, 
and  that  it  finds  lefs  refiflance  in  the  partides  of 
fait,  than  in  thofe  of  fand,  which  are  more 
folid. 


VI. 
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VI.  Of  the  efedt  of  the  fun^s  heat  on  a  pajie 

laid  upon  apiece  of  poli fed  glafs, 

A  perfon  having  applied  to  a  piece  of  poliflied 
glafs  about  half  a  foot  fquare,  a  pafte  of  Spanijb 
white,  and  fize,  put  it  altogether  in  the  fun  during 
the  great  heats  of  the  fummer.  The  pafte  which 
was  tow'ards  the  fun,  having  been  ftrongly  heated, 
bent  toward  the  fun,  and  rolled  upward,  in  fuch 
ii  manner,  that  in  this  motion  the  lower  furface, 
placed  upon  the  glafs,  raifed  itfelf.  But  the  fin- 
gularity  of  it  was,  that  this  furface  raifed  with  it  a 
flake  of  the  glafs.  This  flake  made  a  fort  of  var- 
nifli  upon  the  pafte  like  Delft  ware  *,  its  thicknefs 
was  unequal,  but  it  did  not  exceed  half  a  line.  It 
is  very  furprifing  that  the  adherence  of  the  pafte 
upon  the  glafs  ftiould  be  fo  ftrong ;  and  alfo  that 
it  ftiould  be  able  to  pull  off  from  the  glafs  fo  confi- 
derable  a  flake.  It  had  been  blown,  and  pro¬ 
bably  the  cane,  through  which  they  bio  wed,  had 
been  plunged  in  the  crucible  at  different  times 
which  had  made  it  divide  into  feveral  flakes, 
which  however  did  not  appear,  becaufe  they  were 
very  exadly  applied  to  each  other.  We  owe  this 
obfervaiion  to  M.  Geoffroy. 

4 

I 

VII.  Of  an  extraordinary  cure  performed  by 

mufick, 

\ 

The  extraordinary  cure  which  we  have  fpoken 
of  in  the  hiftory  of  1707,  is  not  fo  much  fo,  or 
-  at  leaft  it  is  not  any  longer  Angle.  Here  is  an¬ 
other  example  which  we  had  from  M.  de  Manda^ 
mayor  of  Alais^  in  Dangiiedoc^  a  man  of 
fenfe  and  merit.  A  dancing  mafter  of  Alais^ 
*  '  -  during 
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during  the  carnival  of  1708,  having  been  fo 
much  the  more  fatigued  in  the  exercifes  of  his 
profcfTion,  as  they  are  the  mofl:  agreeable,  fell 
fick  with  it  the  beginning  of  lent.  He  was  at¬ 
tacked  by  a  violent  fever,  and  the  fourth  or  fifth 
day  he  fell  into  a  lethargy,  which  he  was  a  great 
while  a  coming  out  of.  He  came  out  of  it  only 
to  enter  into  a  furious  and  filent  delirium^  in 
which  he  made  continual  attempts  of  getting  out 
of  his  bed,  threatning  with  his  head  and  looks 
thofe  who  hindered  him,  and  even  all  who  were 
prefent ;  and  obftinately  refufed,  conflantly  with¬ 
out  fpeaking,  all  the  remedies  that  were  offered 
to  him.  M.  de  Mandajor  faw  him  in  this  condi¬ 
tion  *,  it  came  into  his  head,  that  perhaps  mufick 
might  recover  a  little  this  fo  difordered  an  imagi¬ 
nation,  and  he  propofed  it  to  the  phyfician.  He 
did  not  difapprove  the  thought,  but  he  juifly 
feared  the  ridicule  of  the  execution,  which  would 
have  been  yet  infinitely  greater,  if  the  patient  had 
died  in  the  operation  of  fuch  a  remedy.  A  friend 
of  the  dancing- mafler,  who  was  fubje6l  to  none 
of  thefe  difficulties,  and  who  could  play  on  the 
violin,  took  that  of  the  fick  perfon’s,  and  began 
to  play  the  airs  that  were  mofl  familiar  to  him. 
They  took  him  to  be  more  mad  than  the  patient 
confined  to  his  bed,  and  began  to  reproach  him  ; 
but  prefently  tlie  fi:k  perfon  raifed  himfelf  upon 
his  feat,  as  a  man  agreeably  furprifed  ;  his  arms 
would  beat  time  to  the  tunes;  but  hecaule  they 
held  him  by  force,  he  could  only  fhew  by  his 
head  the  pleafure  he  felt.  By  degrees,  even  thofe 
who  held  his  arms,  finding  the  effcbl  of  the  violin, 
flackened  the  violence  with  which  they  had  held 
them,  and  gave  way  to  his  motion  in  proportion 
as  they  found  he  was  no  longer  raving.  At  laft, 
at  the  end  of  a  quarter  of  an  hour  he  flept  foundly, 

F  3  and 


yo  ^he  History  Memoirs  of  the 

and  had  during  this  flcep  a  crifis,  which  brought 
him  out  of  danger. 

VIII.  Of  the  new  if  and formed  near  Santerini. 

We  are  now  better  informed  of  the  new  ifland 
which  has  raifed  itfelf  near  that  of  Santerini^  or 
Santorin^  which  has  been  mentioned  in  the  hiftory 
of  1707"^.  A  letter,  that  F.  Bourgnon^  a  mifli- 
onary  jefuite  at  Santorin^  an  eye  witnefs  of  all  this 
phoenomenon,  has  writ  to  M.  de  Feriol^  the  French 
ambalTador  at  the  port,  and  that  this  minifter  has 
Fmt  into  France^  has  been  communicated  to  the 
academy. 

May  23,  1707,  at  fun-rifing  there  was  feen 
from  Santorin^  2  or  3  miles  at  fea,  fomething  like 
a  floating  rock  which  had  not  been  feen  be¬ 
fore.  Some  believed  it  to  be  a  veflTel  which  was 
going  to  break  againfl:  fome  little  iflands  or  rocks 
which  are  there,  and  went  to  pillage  it.  They 
were,  furprifed  to  find  it  a  new  flielf,  and  they 
were  bold  enough  to  get  upon  it,  altho’  it  was  yet 
moving,  and  encreafed  almofl:  fenfibly  under  their 
feet.  They  brought  back,  as  a  teftimony  of  their 
courageous  landing,  fome  pumice-ftones  of  an  ex¬ 
traordinary  finenefs  and  delicacy  ;  and  fome  very 
large  and  exquifite  oyfters,  that  the  rock  where 
they  were  fixed,  had  raifed  with  it,  from  the 
bottom  of  the  fea.  They  had  a  little  earthquake 
in  Santorin  two  days  before  the  birth  of  this  fhelf; 
it  increafed  very  fenfibly  as  well  in  breadth  as 
height,  till  the  13th  or  14th  of  June^  without 
being  accompanied  with  any  accident.  It  was 
then  almoft  half  a  mile  in  circumference,  and 
20  or  25  feet  high.  It  was  round  and  white  \  the 
earth  was  light,  and  had  a  little  clay  in  it. 

*  Pag.  13  of  this  volume. 

7'hey 


Royal  Academy  of  Sciences.  71 

They  began  to  believe,  that  this  new  labour  of 
nature  was  finifhed,  but  the  water  of  the  Tea  be¬ 
came  fenfibly  thick  every  day,  and  had  the  colour 
of  various  mineral  fubftanccs  ;  among  which,  ful- 
phur  was  predominant,  the  waves  had  an  agitation, 
and  boiling,  which  came  from  the  bottom.  Thofe, 
who  would  approach  the  new  ifland,  felt  an  im¬ 
moderate  heat,  which  hindered  their  accefs  to 
it :  at  laft  there  fpread  in  the  air  a  ftink  which 
infeded  the  whole  ifland  of  Santorin^  and  ex¬ 
tremely  incommoded  the  inhabitants  ;  all  this 
foretold  fome  terrible  change  to  this  part  of  the 
world,  and  fear  reigned  in  every  mind.  In  effeft 
there  was  feen  on  the  1 6th  of  July^  at  fun-fet,  a 
great  chain  of  17  or  18  obfcure  black  rocks,  a 
little  from  one  another,  which  went  out  of  the 
bottom  of  the  fea,  towards  the  new  ifland,  and 
feemed  to  be  going  to  join  foon  together,  and  with 
it,  which  actually  happened  fome  days  afterwards. 
On  the  1 8th  there  came  out  of  it  for  the  firfl:  time, 
a  very  thick  fmoke*,  and  there  were  noifes  heard 
which  came  out  of  the  bottom  of  the  new  earth, 
fo  much  the  more  threatening,  as  they  were  alfo 
more  hollow.  The  19th  the  fire  began  to  appear 
very  weak  at  firfl:,  but  it  increafed  continually. 
Every  night  the  new  ifland  feemed  to  be  only 
made  of  a  great  number  of  furnaces,  which  vo¬ 
mited  flames.’And  as  if  the  heavens  had  a  mind  to 
contribute  to  this  frightful  illumination,  there 
was  feen  one  night  toward  the  end  of  only 
forafev/  moments,  a  ft  ream  of  fire  which  went 
from  eaft  to  weft. 

During  this  time,  the  ifland  juft  forming  in¬ 
creafed  very  much,  even  in  height.  The  waters 
of  the  fea  boiled  more  violently,  they  were  more 
loaded  wdeh  fulphur  and  vitriol,  and  the  infedlion 
was  fo  great  at  Santorin^  that  they  could  not 
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breathe,  efpecially  when  the  wind  drove  the  fmoak 
that  way.  Toward  the  end  of  Aug.  the  fubterra- 
neous  noifes  became  more  frequent, and  fo  terrible, 
that  they  equalled  that  of  6  or  7  great  cannons  dif- 
charged  all  at  once,  the  fire  made  new  openings 
every  day,  and  it  threw  into  the  air  Ibmetimcs  a 
piodigious  quantity  of  fine  afhes,  which  did  much 
damage  to  the  harveft  of  Santorin.  fometimes  a 
like  quantity  of  little  ffones  inflamed,  which 
caufed  a  little  ifland,  whereon  they  fometimes  fell, 
to  appear  all  on  fire  *,  fometimes  great  burned 
rocks,  which  raifed  themfelves  like  bombs  and 
carcafTts,  and  afterwards  plnnged  into  the  fea  at 
above  7  miles  diftance. 

Thefe  terrible  difcharges  were  become  conti¬ 
nually  more ‘frequent  fince  the  end  of  Auguft  ;  and, 
in  fine,  to  the  month-  of  November.,  where 
Bourgnon^s  relation  ends.  It  is  very  remarkable, 
that  then  it  did  not  any  more  throw  out  fuch 
great  ftones,  nor  in  fo  great  a  quantity,  that  the 
lea  was  not  troubled  any  more,  that  its  boiling 
was  calmed,  that  the  ftink  was  hardly  fmeltany 
more  at  Cantor  in ;  and,  on  the  other  fide  the  fmoak 
was  every  day  blacker,  thicker,  and  in  greater 
abundance,  the  fire  was  greater,  the  fliowers  of 
allies  were  daily,  and  the  fubterraneous  noifes  con¬ 
tinual  and  fo  violently,  that  it  was  hard  to  diftin- 
guilh  them  from  thunder.  The  account  goes  no 
farther  than  the  20th  of  November  ;  and  it  is 
likely,  that  the  prodigies  of  the  new  ifland  are 
not  yet  difpofed  to  ceafe. 

That  cf  Santorin  itfelf,  which  was  formerly 
called  Thera.,  has  pafled  among  the  ancients  for  a 
new  produdion.  It  is  certain,  that  in  726,  1427, 
and  I573»  it  has  received  additions  by  fubterra¬ 
neous  fires,  or  that  the  little  neighbouring  iflands 
were  formed  as  the  Jaft,  which  we  have^juft  men¬ 
tioned, 
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tloned.  There  was  alfo  in  1650  a  furious  ravage 
in  Sant  or  in  and  thereabouts,  but  without  any 
other  new  produ6tion  than  that  of  a  great  bank, 
which  perhaps  will  be  the  foundation  of  another 
ifland.  The  fubterraneous  furnagc,  which  is  in 
this  part  of  the  globe,  muft  be  one  of  the  moft 
ardent. 

IX.  Of  the  method  of  meafurlng  the  heights 
of  places  by  the  barometer. 

M.  John  James  Schetuhzer^  Do6tor  of  Phy- 
fick,  at  Zurich^  and  member  of  the  royal  focie- 
ties  of  England  and  Prujfia^  having  fent  to  the 
academy  a  great  number  of  obfervations  of  the 
height  of  the  barometer,  which  he  has  made  in 
different  towns  of  Switzerland.^  and  upon  fome 
mountains  of  that  country,  during  the  years  1705, 
1 706,  1 707,  M.  Maraldi  made  ufe  of  them  to 
find,  according  to  the  method  explained  in  the 
memoirs  of  1 703  how  much  the  places  where 
they  have  been  made,  are  elevated  above  the  level 
of  the  fea.  This  method  requires,  that  we  know 
in  what  proportion  the  air  is  always  dilated  up¬ 
wards  •,  that  we  have  correfpondent  obfervations 
of  the  barometer,  made  in  fome  place,  whofe 
.  cLVr/Jon  above  the  level  of  the  fea  is  known,  as 
,  yi.  Maraldi  had  his  made  at  Paris.,  and  that  we  fup- 
pofe  in  a  great  extent  of  country,  fuch  as  is  that 
of  France  and  Switzerland.,  that  the  barometer 
varies  in  the  fame  manner  and  in  the  fame  time 
By  this  M.  Maraldi  found,  for  example,  that 
mount  Joch  is  elevated  above  the  fea  1340  toifes, 
and  as  there  is  another  pretty  near  it  called  Tittlif- 
berg.,  always  covered  witn  ice  and  fnow,  which 
thofe  of  the  country  fay,  is  the  higheft:  mountain 
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oi  Switzerland^  and  which  M.  Scheuchzer  believes 
to  be  elevated  2000  feet  more  than  Joch  ;  it  fol¬ 
lows  from  hence,  that  the  highefl  mountains  of 
Switzerland  would  be  elev^atcd  1660  toifes.  They 
would  be  more  fo  than  the  Canigou^  which  is  one 
of  the  Pyrenean  mountains.  -  ; 

But  it  mud  be  owned,  that  this  method  for 
meafuring  heights  would  be  much  more  fure  ;  if 
we  were  not  obliged  to  fuppole  that  the  baro¬ 
meter  varied  in  the  fame  manner  and  time  in  di- 
flant  places,which  is  not  always  true  ;  and  if  in  the 
fame  country,  where  we  would  take  a  height,  we 
had  an  obfervation  of  a  barometer  made  at  the 
fame  time  on  the  fea  fhore,  or  in  fome  other 
place,  whofe  elevation  above  the  fea  was  known, 
then  there  would  not  remain  any  more  uncer¬ 
tainty  than  in  the  hypothefis  of  the  proportion, 
according  to  which  the  air  that  furrounds  the 
earth  dilates  itfelf  upwards. 

•  And  even  this  uncertainty  begins  to  diffipate 
a  little  *,  and  the  progreflion,  that  M.  Caffini  has 
cflablifhed  for  the  dilatation  of  the  air  in  the  place 
above  quoted,  in  ^1703,  is  fufficiently  proved. 

F.  Laval  having  meafured  geometrically  fe- 
veral  heights^t  Saint e  Baume^  and  thereabouts, 
he  afterwards  carried  a  barometer  thither,  and 
has  obferved  how  much  lower  it  was  there 
than  at  his  obfervatory  at  Marjeilles^  of  which 
he  knew  the  elevation  above  the  level  of  the  fea. 
•He  hasfent  his  meafures  and  obfervations  to 
MefiT.  Cajjini^  who  have  found  what  ought  to  be  ; 
according  to  their  progrefTion,  the  height  of  the 
mountains,  which  gave  the  falling  obferved  in  . 
the  barometer  ;  and  they  have  found  the  fame 
heights  that  F.  Laval  found  elfewhere  by  geo¬ 
metrical  meafures.  There  was  only  two  or  three 
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toifes  difference,  which  is  inconfiderable  in  pro¬ 
portion  to  great  heights,  and  is  befides  almoft 
abfolutely  unavoidable,  becaufe  in  the  lead  di¬ 
latation  of  the  air  a  line  of  qiiickfilver  anfwers 
to  6  toifes  of  air,  and  confequently,  if  in  the  ob- 
fervation  of  the  height  of  the  barometer  made 
in  the  lowed  place,  we  midake  half  a  line,  which 
is  very  eafy,  we  midake  three  toifes  in  the  cal¬ 
culation,  of  the  height,  and  much  more,  if  the 
fame  error  is  in  the  obfervation  made  at  the 
highed  place.  This  is  a  general  inconvenience 
of  all  the  operations,  where  very  fmall  magni¬ 
tudes  give  great  ones,  to  which  they  anfwer. 

To  meafure  the  height  by  the  barometer  with 
the  greated  certainty  poffible,  the  two  places 
where  we  obferve  the  greated  elevation  and  de- 
preffion  of  the  quickfilver  mud  be,  as  in  F.  La- 
valh  operation,  fo  little  didant  that  vre  may  not 
fufpe<5t  the  weight  of  the  atmofphere  to  be  dif¬ 
ferent. 

Of  a  little  froell-fijh^  that  feeds  upon  mufcles. 

M.  de  Reaumur  has  obferved  the  way  taken  by 
a  little  fhell-fifh  to  feed  upon  mufcles,  which  is 
very  fingular  and  difficult  to  explain.  This 
fhell-fiffi  is  of  the  fame  fpecies  with  thofe  which 
are  called  in  Latin  LrochuSy  or  Turbo^  that  is,  its 
fhell  is  one  piece,  and  turned  fpirally.  The 
fiffi  comes  half  out  of  it  when  it  pleafes,  as  the 
fnails  do  out  of  theirs.  The  mufcle  being  in- 
clofed  in  its  two  ffiells  would  not  feem  likely  to 
be  the  prey  of  this  animal  ;  and  yet  it  is.  It 
fadens  itfelf  to  the  fhell  of  a  mufcle,  pierces  it 
with  a  round  hole  very  exacd,  about  a  line  in 
diameter,  and  paffes  into  it  a  fort  of  trunk  or 
little  hollow  cylindrical  pipe,  5  or  6  lines  long;, 
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which  it  turns  fpirally,  and  fucks  the  inufcle 
with  it. 

The  difficulty  is  to  know  how  it  makes  the 
hole.  It  is  not  with  the  trunk  which  fucks,  for 
that  is  too  foft  and  too  blunt  to  pierce  a* very 
hard  fhell.  M.  de  Reaumur^  by  the  difTciSIion  of 
this  animal,  has  not  been  able  to  find  any  part 
of  it  proper  for  this  efTcdb,  though  if  it  had  any 
h  mu  ft  be  as  fenfible  as  the  hole ;  he  has  even 
met  with  many  of  thefe  little  fhell-fifhes  faftened 
to  mufcles,  which  they  have  not  yet  pierced 
quite  through,  he  has  feparated  them,  and  feen 
nothing.  He  has  alfo  obferved,  that  thtfc  im- 
perfc6l  holes  were  almoft  as  large  in  the  bottom 
as  at  their  opening,  which  does  not  agree  with 
the  figure  of  an  inftrument,  which  probably  would 
be  more  pointed  at  its  extremity.  Laftly,  he  has 
alfo  feen  oval  holes,  and  it  is  difficult  either  for  an 
inftrument  to  make  them,  or  for  the  fime  that 
ma'kes  round  to  make  oval. 

He  believes  therefore  that  the  animal  may 
throw  upon  the  mufcle  fome  drops  of  liquor  ca¬ 
pable  of  piercing  the  fhell.  This  drop  will  na¬ 
turally  be  round,  and  fometimes  it  becomes  oval, 
becaufe  it  does  not  fall  perpend iculary  upon  the 
mufcle,  or  becaufe  the  mufcle  gives  it  fome  little 
motion.  To  render  this  conjedlure  ftill  more 
probable,  it  is  to  be  wifhed,  that  in  the  imper- 
te£l  holes,  and  where  the  animal  feems  ftill  to  be 
working.  M.  de  Reaumur  had  found  there  this 
•fort  of  aqua  fort  is. 

He  has  obfervTd,  that  there  is  never  any  hole 
in  all  the  circumference  where  the  two  fliells  of 
the  mufcle  join,  and  he  attributes  this  to  a  v^ry 
ingenious  precaution  in  the  animal  that  attacks  it. 
Which  is,  that  if  the  mufcle  fhould  open  its 
fhells,  the  trunk  of  the  little  fifli  would  not  be 
in  the  hole  that  it  fhould  make,  it  would  cafily 
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turn  it  away,  and  then  the  mufcle  in  (hutting  its 
(hells,  would  fqueeze  it,  and  perhaps  cut  it,  or 
at  lead  would  keep  its  .enemy  prifoner. 

M.  de  Reaumur  has  fometimes  feen  feveral 
holes  upon  the  fame  mufcle,  and  when  he  has 
found  empty  mufcle-fhells,  he  has  almoft  always 
feen  of  thefe  holes,  which  makes  him  believe, 
that  thefe  (heli-fifli  do  not  a  little  contribute  to 
the  deftru(dion  of  the  mufcles. 

XI.  yin  account  of  Dr.  John  Scheudhzer’s 
difertation  on  the  origin  oj  mountains. 

M.  John  Scheuchzer^  do6lor  of  phyfick  at 
Zurich^  has  done  the  academy  the  honour  to  de¬ 
dicate  to  it  a  Latin  diflertation  upon  the  origin  of 
mountains^  or  upon  the  formation  of  the  earthy 
which  is  not  yet  printed. 

DefcarteSy  for  it  often  happens  that  the  hiftory 
of  fome  inquiries,  or  of  fome  difcoveries  begin 
by  him,  is  the  firfl:  Vv'ho  has  thought  of  explain¬ 
ing  mechanically  the  formation  of  the  earth  :  af¬ 
terward  Steno^  Burnet^  IVoodward^  and  at  lad 
Scheuchzer  have  undertaken  either  to  extend  or 
rectify  his  ideas,  and  have  added  them  together. 

If  the  globe  of  the  eardi  was  perfe<5tly  fphe- 
rical,  that  is,  without  mountains,  and  if  the  dif¬ 
ferent  beds  of  fand,  clay  and  (tones,  of  which  it 
is  compofed,  were  every  where,  as  they  are  in 
an  infinite  number  of  places,  pretty  exactly  pa¬ 
rallel  between  themfelves,  and  concentrical  to  the 
furface  of  this  globe,  we  fhould  eafily  imagine 
that  the  whole  had  been  formed  of  a  troubled 
fluid,  if  I  may  fo  fry,  and  heterogeneous,  of 
which  the  different  parts,  unequally  heavy,  v/ould 
naturally  feparate  from  one  another  by  the  laws 
of  gravity,  and  be  ranked  in  different  circular 
beds,  which  would  all  have  had  the  centre  of  the 
I  elobe 
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globe  for  a  common  centre.  Even  this  repa¬ 
ration  would  have  made  the  fluidity  ceafe.  This 
fyftem  would  not  only  be  poflible,  but  almoft 
neceflTary,  for  we  could  hardly  attribute  to  another 
caufe  the  parallelifm  and  concentricity  of  the 
ftrata.  That  the  the  earth  was  at  firft  a  fluid, 
and  that  by  the  laws  of  motion  it  is  become  folid 
by  time,  and  is  difpofed  as  it  is,  or  that  God 
created  it  all  at  once  in  the  flate  to  which  the 
laws  of  motion  would  have  brought  it,  is  the 
fame  thing  according  to  the  ingenious  reflexion 
ofM.  Def cartes.  It  is  indifferent  whether  God 
created  the  egg,  or  the  fowl  firfl. 

The  parts  of  land  and  water  animals,  branches 
and  leaves,  ^c.  found  in  beds  of  flone,  and  that 
pretty  deep,  confirm  this  fyftem  of  the  fluidity  of 
the  earth.  By  what  other  means  than  this,  could 
they  be  inclofed  where  they  are  ?  but  it  is  alfo 
true,  that  we  muft  fuppofe  a  fecond  formation  of 
the  beds  or  firata^  much  lefs  ancient  than  the 
.  former,  at  the  time  of  which  the  earth  had  nei¬ 
ther  plants  nor  animals.  Steno  eftablifhes  feveral 
fecond  formations,  caufed  in  different  times  by 
extraordinary  innundations,  by  earthquakes,  and 
by  the  matter  that  the  Vulcand*s  vomit.  Burnet^ 
Woodward^  and  M.  Scheuchzer^  chufe  rather  to 
attribute  to  the  univerfal  deluge  a  fecond  general 
formation,  which  however  does  not  exclude  the 
particular  ones  of  Steno. 

But  the  mountains  feem  to  fubvert  the  fyftem 
of  the  fluidity,  they  could  never  have  rifen,  fince 
all  that  is  fluid  becomes  level.  Neverthelefs  this 
fyftem  is  fo  probable  in  its  felf,  and  fo  well  fup- 
ported  in  the  greateft  part  of  the  terreftrial  globe, 
that  it  deferves  fome  endeavours  to  prefer ve  it. 
It  is  for  this, that  M.  Scheuchzer  adopts  the  opinion 
of  thofe,  who  have  believed  that  after  the  uni¬ 
verfal 
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verfal  deluge,  God  being  pleafed  to  make  the 
waters  enter  again,  into  the  fubterraneous  refer- 
voirs,  had  broken  and  difplaced  with  his  all 
powerful  hand,  a  great  number  of  ftrata^  whidi 
were  before  horizontal,  and  hid  raifed  them  above 
the  furface  of  the  globe.  The  whole  difTertatioa 
was  made  to  fupport  this  opinion. 

As  thefe  heights  or  eminencies  mud  have  been 
of  a  very  folid  confiftance,  M.  Scheuebzer  ob- 
ferves,  that  God  raifed  them  only  in  places  where 
there  were  a  great  many  beds  of  done.  From 
hence  it  comes,  that  the  countries  where  there  is 
a  great  quantity,  as  Switzerland^  are  very  moun¬ 
tainous,  and  that  on  the  contrary,  thofe  which 
like  Flanders^  Germany^  Hungary ^  and  Poland^ 
have  only  fand  or  clay,  and  that  to  a  very  great 
depth,  are  almod  intirely  without  mountains. 

It  was  impodible  that  the  broken,  difplaced^ 
and  elevated  ftrata  fliould  remain  horizontal  ^ 
and  we  never  find  any  in  the  mountains  with  this 
dire61;ion,  but  what  remains  of  it,  is  that  they  arc 
dill  parallel  between  themfelves,  and  this,  fup- 
pofing  the  difplacing,  is  in  reality  all  that  they 
could  podible  preferve  of  it. 

M.  Scheuebzer  has  obferved  their  different  di¬ 
rections,  in  a  whole  chain  of  mountains  of  three 
leagues,  upon  the  borders  of  the  lake  f/r/,  and 
has  fent  to  the  academy  a  very  curious  map  of 
them.  There  is  no  horizontal  bed  there,  tho^ 
they  are  all  fo  in  the  plains,  and  hardly  any  that 
makes  a  right  angle  with  the  horizon  ;  we  find 
indifferently  all  the  other  angles.  It  is  vifible 
that  this  is  under dood  of  the  furfice  or  fiopes  of 
the  beds.  As  to  their  diredion,  which  we  fhouki 
fee,  if  one  fide  of.  the  mountain  was  cut  accord^ 
ing  to  its  inclination  to  the  horizon,  they  arc 
very  dilferent  in  difierent  mouncains,  and  fonne- 

times 
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times  in  the  fame.  Some  are  in  arches  or  vaulted^ 
others  are  in  a  fort  of  triangle,  and  have  fome 
very  acute  angles,  but  all  the  diredlions  what¬ 
ever  of  one  bed,  are  always  exadlly  parallel  to 
thofe  of  many  other  neighbouring  beds.  What 
is  here  the  moft  fingular  in  M.  Scheuchzer^s  map, 
is  the  extreme  direction  of  2  different  feries  of 
beds,  which  meet  at  their  convex  parts,  and  form 
the  figure  of  two  branches  of  a  curve  that  turns 
back, 

M.  Scheuchzer  has  made  in  the  celebrated 
quarry  of  Claris^  from  whence  there  has  been 
drawn  a  great  number  of  tables  of  ftone,  an  obfer- 
vation  not  very  favourable  to  the  fyftem  of  the 
fluidity,  which  however  he  does  not  diffemble. 
The  beds  of  this  quarry,  which  are  but  an  inch 
thick,  are  of  two  different  natures,  and  alternately 
hard  and  foft ;  and  to  make  tables  of  it  that  may 
be  ufed,  they  mu  ft  cut  a  hard  firatum  with  a 
foft  one,  without  feparating  them.  The  hard 
fuftains  the  foft>  which  muft  be  at  the  top,  when 
they  work  it,  as  it  is  in  the  quarry.  One  would 
think  -that  in  a  fluid,  all  the  heavieft  part  muft 
have  precipitated  to  the  bottom,  and  that  there 
could  not  have  been  beds  alternately  lighter  and 
heavier.  '  Neverthelefs  a  Angle  bed,  where  the 
lighteft  is  always  at  the  top,  proves  alfb  the  flu¬ 
idity,  the  whole  difficulty  remains  in  the  alternate 
fituation  of  the  beds.  To  give  a  folid  fitisfadlion 
of  this  difficulty,  we  had  better  wait  for  new  ob- 
fervations  which  M.  Scheuchzer  feems  to  promife, 
than  to  imagine  any  folution,  how  ingenious  fo- 
ever.  Befides  we  have  already  launched  too  far 
upon  a  work  which  belongs  to  this  able  philofo- 
pher,  and  which  the  academy  has  no  right  to  af* 
Iiime 

XII. 
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XII.  account  of  Dr,  John  James 
Scheuchzer’s  dijfertation  on  cryfaL 

M.  John  James  Scheuchzer^  brother  to  the 
former,  and  alfo  do6lor  of  phyfick  at  Zurich.^  a 
great  natural  philofopher,  has  fent  alfo  to  the  aca^ 
demya  Latin  diflertation  upon  cryital,  which  he 
has  not  yet  publiflied. 

There  is  a  great  deal  of  cryftal  in  the  moun¬ 
tains  of  Switzerland^  and  it  is  a  journey  which 
the  author  made  thither  in  1 705,  which  occafioned 
this  differtation.  We  have  but  too  few  of  thefe 
fort  of  phyfical  inquiries  made  by  skilful  perfons, 
^ho  have  feen  them  with  their  own  eyes.  M. 
Scheuchzer  colled;ed  with  great  erudition  all  the 
different  cryftals,  perfedt,  or  imperfe<5t,  coloured, 
mixed,  and  differently  figured,  which  the  ancient 
as  well  as  modern  authors  have  fpoken  of;  he 
ranges  them  under  certain  fpecies,  and  relates  the 
different  names  that  have  been  given  them,  or 
their  fynonyma^  which  is  known  to  be  very  ufeful 
in  fuch  fubjedls,  and  was  wanting  in  this. 

He  afterwards  enters  into  the  philofophy  of 
the  formation  of  cryftal,  and  even  undert;akes  to 
prove  geometrically  the  neceffity  of  the  hexagonal 
figure,  which  is  common  to  it.  M.  Scheuchzer 
believes,  according  to  the  common  fyftem,  that 
the  cryftal,  as  well  as  the  precious  ftones,  has 
been  liquid,  and  formed  in  ftones  which  were  fo 
likewife.  Pie  feems  perfuaded  by  experience,  that 
there  are  no  more  new  cryftals  produced.  Upon 
this  foundation  he  conjedlures,  that  when  the  exte- 
riour  cruft  of  the  earth  had  been  extremely  foftened 
by  the  waters  of  the  univerfal  deluge,  the  fluid 
matter  of  cryftal  had  penetrated  it,  and  gathered 
together  in  the  cavities  and  fiffures  of  the  ftones, 
VoL.  III.  N^.  26.  G  where 
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where  it  congealed  by  time.  We  muft  not  be 
furprized,  that  fo  great  a  confufion  as  that  which 
was  caufed  by  the  deluge  upon  the  furfacc  of  the 
earth,  is  an  epoch  or  an  origin  which  frequently 
recurs  in  phyfical  inquiries. 

XIII.  An  account  of  the  fame  author's  dif 
fertation^  ,  intitled^  Pifcium  querelae  & 
vindicia3. 

« 

In  a  diflertation  of  the  fame  author,  printed 
under  the  title  of  Pifcium  quereU  y  vindici^c, 
and  fent  to  the  academy,  the  univerfal  deluge  is 
more  fenfibly  pointed  out. 

M.  Schetichzer  has  made  a  fort  of  catalogue,  of 
all  the  ftones  that  he  knows,  like  thofe  which  we 
have  fpoken  of  in  the  hift.  of  1703*,  and  1706-^, 
that  is,  which  inclofe  filbes,  or  rather  reprefen- 
tations,  and  at  moft  the  fkeletons  of  filhes.  We 
have  already  faid  how  far  thefe  forts  of  ftones 
were  from  being,  as  has  been  commonly  enough 
imagined,  fports  of  nature,  or  fortnuitous  paintings ; 
and  thus  M.  Scheuchzer  introduces  the  fifties  com¬ 
plaining  that  thefe  ftones,  which  are  really  their 
tombs,  are  taken  for  meer  ftones,  wherein  their 
figures  are  found  engraven  by  chance  *,  and  that 
thefe  curiofities  are  referred  to  the  mineral  kingdom^ 
by  taking  them  away  from  the  animal  kingdom  to 
which  they  belong.  The  author  is  perfuaded 
that  thefe  fifties  buried  in  ftones,  have  been  there 
ever  fince  the  univerfal  deluge,  and  this  feems 
true,  efpecially  with  regard  to  thofe  which  are 
found  in  places,  where  no  other  accident  could 
have  brought  them,  and  where  we  cannot  believe 
that  there  has  ever  been  any  water  fince  that  time. 
Such  is  the  quarry  of  Oningen  in  the  diocefe  of 
*  Vol.  II.  Page  13.  f  Page  356  of  the  fains. 

Ccnftance^ 
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€  on/lance.  Several  of  M.  Scheuchzer'*s  ftoneS 
have  been  taken  out  of  it.  The  moil  remarkable 
both  for  fize,  and  the  perfe<5lion  of  the  figure,  is 
that  which  contains  a  great  pike,  of  which  there 
even  remains  in  fome  places  petrified  flefh.  This 
proves  alfo  the  reality  of  the  animals  if  not 
more  furely,  at  lead:  more  palpably  than  thofe 
delineations  fo  fine  and  delicate,  which  have  no 
fubflance. 

It  is  not  only  fiflies,  that  M.  Scheuchzer  fliews 
in  the  cabinet  of  curiofities,  which  he  expofes  to 
the  publick  view  ;  there  are  alfo  two  bones  of  the 
vertebra  of  the  back  of  a  man,  and  alfo  a  feather 
of  a  bird  found  in  flione,  but  becaufe  there  is  al¬ 
ways  found  more  of  fifh,  than  any  thing  elfe,  it  is 
they  that  are  the  fpeakers  in  the  common  fubjed: 
of  complaint.  It  is  vifible,  that  there  is  nothing 
but  fifties,  that  have  been  able  to  remain  wrapped 
up  in  this  deep  mud  or  fiime,  which  the  deluge 
left  upon  the  fur  face  of  the  earth,  and  which  af¬ 
terwards  hardning  formed  different  beds.  All  that 
was  not  naturally  able  to  penetrate  at  leafl;  to  a 
certain  depth,  remained  expofed  to  the  air,  or 
was  uncovered  foon  after,  and  confequently  was 
deftroyed.  This  is  the  reafon  that  there  is  found  a 
much  greater  quantity  of  fhells  than  of  fifhes  in- 
clofed  in  ftones,  and  almofl  always  the  heavieft 
fhells.  Their  weight  makes  them  fall  lower  in 
this  general  fiime,  and  that  which  is  found  the 
lowefi:,  is  the  befi:  preferved. 

XIV.  On  the  generation  of  [nails,  Tran-- 
fated  by  Mr.  Chambers. 

The  philofopher  that  fiiould  be  reproached 
with  too  much  application,  to  the  ftudy  of  fuch 
contemptible  things  as  in  feels,  might  clear  him- 

G  2  felf 
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felf  by  only  alking,  whether  the  fmalleft  pieces  of 
God’s  handy -work  are  below  our  concern  ;  hut  it 
likewife  happens,  that  thefe  fame  works  which 
the  generality  of  men  have  been  pleafed  to  con- 
fider  as  the  fmalleft,  are  really  thofe  where  the 
moft  contrivance,  and  the  greateft  miracles  of 
mechanifm  appear,  and  if  we  henceforth  prefer 
inquiries  into  the  ftrucfture  of  the  human  body, 
nothing  but  our  intereft  can  juftify  us  therein. 

If  a  common  garden-fnail  be  examined  out  of 
the  coupling- feafon,  and  its  body  difte6ted  with 
all  the  care  pofTible,  nothing  will  be  found  therein 
that  feems  to  have  relation  to  generation,  and 
yet  as  has  already  been  obferved,  in  the  memoir 
of  M.  Poupart^  this  animal  is  an  hermaphrodite, 
and  confequently  muft  have  a  greater  apparatus 
of  genital  parts,  than  moft  others.  Every  thing 
too  that  pafies  in  it,  muft  be  of  a  very  fingular 
nature ;  the  chief  of  thefe  fingularities  we  ftiall  here 
deliver,  but  without  explaining  the  mechanifm, 
whereby  they  are  executed,  which  we  referve  for 
M.  du  Verro\*s  memoir  on  that  fubjcd,  we  fhall 
there  lee  with  amazement  how  much  a  fnail 
ftands  nature  in. 

This  animal  on  the  right  fide  of  its  neck,  has 
a  little  almoft  infenfible  cleft,  which  leads  into  th(f 
cavity  of  the  body,  where  the  inteftines  are  found, 
very  winding,  and  fluduating,  in  its  belly  •,  but  at 
the  time  of  copulation,  all  this  changes  form  and 
the  animal  is  metamorphofed,  almoft  throughout. 
The  little  kind  of  gut  being  now  driven  from  the 
bottom  of  the  belly  towards  the  neck  fwells, 
turns  backwards,  and  difpofes  itfelf  in  fuch  man¬ 
ner,  as  to  prefent  itfelf  to  the  cleft  of  the  neck, 
which  is  now  much  dilated  after  -manner  of  a 
male  and  a  female  part,  each  ready  to  do  its 
oifice  i  but  this  does  not  proceed  till  after  the 

1  fnail 
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fnail  lias  met  with  another,  and  by  feveral 
preliminary  motions  more  vigorous,  and  as  it' 
were  pafTioned  than  one  would  expedl  from  fo 
cold  an  animal,  they  have  raifed  each  otlier  into 
a  proper  difpofition,  and  are  alTured  of  a  perfedt 
underftanding. 

The  better  to  aflure  themfelves  of  this,  they 
have  another  very  fingular  expedient  which  they 
never  fail  to  put  in  pradtice  together.  With  the 
male  and  female  part  there  iffues  at  the  aperture 
of  the  neck,  a  kind  of  fpear  fliaped  like  the  head 
of  a  lance,  and  terminating  in  a  very  acute  point ; 
now  the  two  fnails  turning  the  cleft  in  their  neck 
towards  each  other,  upon  their  coming  to  touch 
in  that  place,  the  fpear  iflfuing  from  one,  pricks 
the  other,  and  the  mechanifm  which  plays  it,  is 
fuch,  that  it  immediately  hereupon  leaves  the 
part  it  belonged  to,  and  either  drops  on  the  ground, 
or  is  carried  off  by  the  fnail  it  has  pricked.  This 
fnail  inftantly  withdraws,  but  foon  after  rejoyns 
the  other,  which  it  pricks  in  its  turn,  and  after 
fuch  mutual  pundlure,  the  copulation  never  fails 
of  being  confum mated  ;  whereas  all  the  other 
preludes  might  have  failed.  The  fpear  emitted 
on  either  fide,  feems  intended  to  advertife  the  two 
fnails,  that  they  are  in  equal  readinefs,  for  in  this 
hermaphrodite  kind,  there  is  not  as  in  our’s  one 
principal  and  adtive  fex,  whofe  difpofition  alone 
might  fuffice. 

Snails  ufe  to  couple  three  times  at  the  diftance 
of  about  1 5  days  from  each  other,  each  time  of 
copulation  we  find  a  new  fpear,  nature  being  at 
the  cxpence  of  producing  it,  tho’  for  a  ufe  feem- 
ingly  of  little  importance.  M.  du  Verney  com¬ 
pares  this  re-generation  to  that  of  a  deer’s  head, 
and  in  effedl  there  feems  fome  analogy  between 
the  fiance  of  the  one  and  the  other. 


After 


86  "The  History  and  Memoirs  of  the 

After  emitting,  the  fpear  follows  the  recipro¬ 
cal  penetration  of  the  male  part  of  each  fnail  into 
the  female  one,  and  as  they  have  each  of  them 
the  two  organs  of  generation  dlfpo^ed  alike,  at 
the  orihce  of  their  neck,  to  make  each  organ 
correfpond  to  its  refpetftive  one,  ’tis  neceflfary  that 
one  of  the  fnails  have  its  head  upwards,  and  the 
other  downwards,  which  they  practice  accord¬ 
ingly. 

Their  copulation  lafts  i  o  or  1 2  hours, and  produces 
efpecially  towards  the  beginning,  either  a  ftu- 
por  or  a  tranfport,  which  hinders  their  giving 
any  fign  of  fenfe.  During  all  this  time  they  ne¬ 
ver  feparate,  nor  can  be  brought  to  it,  do  what 
you  will;  indeed  they  have  a  very  cogent  rea- 
fon  for  this  firm  embrace,  which  is,  that  the 
glans  of  the  male  part  growing  tumid,  cannot 
get  out  at  the  paffage  by  which  it  entered.  It 
may  be  about  an  hour  arriving  at  this  extenfion 
and  till  then  no  feminar  matter  is  emitted. 

What  is  more,  the  femen  is  not  yet  formed, 
nor  is  it  till  after  the  copulation  is  begun  that  na¬ 
ture  fo  much  as  goes  about  it,  or  employs  any  of 
the  ftrudture  neceifary  to  provide  it.  There  is  a 
fingularity  likewife  in  the  matter  of  the  femerij 
which  is  not  fluid,  but  of  a  confiftence  like  wax, 
and  aflumes  the  figure  of  the  canals  it  paffes  thro’. 
It  is  expelled  by  a  motion  like  that  of  the  intef- 
tines,  when  they  evacuate  their  contents  ;  and 
during  all  the  time  of  copulation,  except  the  fii  ft 
hour,  creeps  gently  forwards  from  each  fnail  into 
the  other. 

The  canal  it  iffues  from  is  longer  than  that  of 
the  female,  which  firft  receives  it ;  but  from 
hence  it  paffes  into  other  veffels  belonging  to  the 
female  fex,  whereat  length  it  occafionsthefecundi- 
fication,  tho’  not  immediately  after  their  firft  co¬ 
pulation. 
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pulation,  nor  even  the  fecond,  but  only  after  the 
third. 

At  the  end  of  about  1 8  days  they  bring  forth 
their  eggs,  by  the  aperture  of  their  neck,  and 
hide  them  in  the  ground  with  the  utmoft  care  and 
induftry ;  and  what  is  further  remarkable  is,  that 
upon  opening  a  fnail  prefcntly  before  it  lays,  no 
eggs  are  found  therein,  but  only  a  kind  of  little 
ligaments,  or  embryos,  which  fwim  in  a  very 
limpid  liquor;  and  make  brisk  motions^  therein. 
Thefe  embryos  beome  eggs  in  the  road  ere  they 
get  forth  ;  that  is,  are  invefted  with  membranes, 
which  has  furnifhed  them  by  certain  liquors,  and 
afterwards  hardened. 

All  this  is  only  the  natural  hiflory  of  the  gene- 
.  ration  of  fnails ;  ’tis  only  what  is  done,  and  not 
the  manner  of  doing  it.  If  this  manner  were  left 
to  the  ableft  naturalift  to  divine,  it  would  doubt- 
lefs  prove  a  very  intricate  enigma  ;  accordingly 
it  is  thus  far  proved  almoft  impenetrable,  not- 
withftanding  we  have  all  the  pieces  of  the  mecha- 
nifm  in  our  hand,  and  fee  them  played  under  our 
eyes. 

X  Of  the  eggs  of  the  cuttle  fif, 

M.  S’aulmon  having  procured  from  the  feafomc 
eggs  of  the  cuttle-fifh  in  bunches,  there  was  found 
in  all  of  them  a  little  cuttle-fifh,  very  well  formed; 
they  were  each  held  by  a  pretty  long  ligament  to 
a  thick  trunk  or  common  cord,  out  of  which  all 
thefe  ligaments  came,  very  much  twifted  toge¬ 
ther.  We  do  not  take  them  to  be  the  fame  thing 
with  that  which  is  called  veficaria  marina^  and  is 
believed  by  the  failors  to  be  this  bunch  of  cuttle- 
fifiies  eggs,  which  the  little  fifhes  are  gone  out  of, 
and  have  left  it  dried.  There  is  not  any  remain¬ 
der 
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der  of  thefe  ligaments  of  the  eggs  fecn  in  the  ve 
Jicaria^  at  leaft  we  cannot  be  aflured  of  them" 
and  the  irregular  veficles,  or  grains,  which  com* 
pofe  them,  feem  glued  together. 

XVI.  On  the  burning-glajfes  of  the  ancients. 

Altho*  the  academy  does  not  propofe  to  make 
inquiries  into  antiquity,  and  is  more  employed 
in  difcovering  what  is,  than  what  was  formerly 
thought,  or  what  we  may  yet  add  to  arts,  than 
what  has  been  pradlifed,  it  has  however  given  a 
great  deal  of  attention  to  an  obfervation  ot  M.  de 
la  Hire^s^  on  the  burning-glaffes  being  known  to 
the  ancients.  The  burning  mirrours  certainly 
were ;  for  fome  hiftorians  have  pretended  that 
Archimedts  made  ufe  of  one  to  burn  a  fleet, 
and  altho*  they  attribute  to  it  an  impoffible  ef- 
fedt,  this  proves  that  they  were  known.  But  it 
is  certain,  that  thefe  mirrours,  which  they  inven¬ 
ted,  muft  have  been  of  metal,  and  concave,  and 
had  2^  focus  by  refledlion,  and  we  are  commonly 
perfuaded,  that  the  ancients  did  not  at  all  know 
the  focus  by  refradtion  of  convex-glafles.  Never- 
thelefs  M.  de  la  Hire  has  found  them  in  the  firft 
fcene  of  the  fecond  adl  of  the  Clouds  of  Arifto- 
fhanes,  Strepfiades  is  a  dull,  ftupid  old  fellow, 
who  fays  to  Socrates^  that  he  has  thought  of  a  fine 
invention  not  to  pay  his  debts. 

Strep.  Haft  thou  feen  at  the  druggift's  this  fine 
iranfparent  ftone^  with  which  they  kindle  fire  ? 

Socra.  Is  it  not  glafs  that  you  mean  f 

Strep.  True. 

Socra.  tVelf  what  is  it  thou  will  do  with  it  ? 

Strep.  M^hen  they  flsall  give  me  a  fummcns.^  1 
will  take  this  ft  one  y  and  putting  it  to  the  fun^  I 

will 
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*will  make  the  whole  writing  of  the  fiimmons  melt 
at  a  dijiance. 

We  fee  plainly,  that  this  writing  was  drawn 
upon  wax,  with  which  fome  other  more  folid 
matter  was  covered.  This  glafs,  which  kindled 
fire,  and  melted  the  wax  at  the  fun,  was  not  con¬ 
cave  •,  for  altho*  it  had  by  virtue  of  this  figure  a 
focus  by  reflection,  this  refledlion  which  is  necef- 
farily  made  upward,  would  have  rendered  the  ufe 
of  it  very  inconvenient,  and  very  little  popular  j 
the  fummons  muft  have  been  held  raifed  in  the 
air,  that  ^tref fades  might  have  been  able  to  have 
melted  the  writing,  and  it  is  not  at  all  naturid 
that  he  fhould  make  this  fuppofition  j  whereas, 
with  a  convex  glafs  that  burns  downv/ard,  we 
might  ftrike  what  we  pleafe. 

.  The  fcholiaft  on  Ariflophanes  fays  upon  this 
place,  that  it  muft  be  meant  of  a  rounds  thick 
glafs^  made  on  purpofe  for  this  ufe,  which  was 
rubbed  with  oil,  and  heated,  to  which  a  match 
was  adjufled,  or  brought  near  \  for  the  Greek 
expreflion  is  equivocal,  and  that  in  this  manner 
the  fire  was  kindled.  We  do  not  very  well 
underftand  what  he  means  by  his  oil,  unlefs  it 
was  made  ufe  of  to  give  a  greater  polifh  to  the 
glafs  *,  but  in  fhort,  which  is  enough  in  this  place, 
he  imagined  this  glafs  to  be  convex,  and  it  is  a 
proof  that  in  his  time,  which  was  much  later 
than  that  of  Ariflophanes,  it  was  known  that  thefe 
glaff-3  burned. 

We  have  no  defign  of  making  here  a  learned 
diftertation,  in  which  it  would  be  lhameful  to  have 
any  ftroke  of  erudition  efcape.  We  fhall  only 
obferve,  that  Pliny  lib.  36  and  37,  fpeaks  of 
balls  of  glafs,  and  balls  of  cryflal,  which  being 
expofed  to  the  fun,  burned  either' the  cloaths  or 
the  fiefh  of  the  fick  perfons,  whom  they  intended 
VoL,  HI.  N^26.  H  tv  to 
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to  cauterize.  La5fantius^  in  his  book  of  the 
wroth  of  ^od^  jays  alfo,  that  a  glals  ball  held 
to  the  fun,  kindled  fire  even  in  the  greateft  cold. 
Here  is  the  effc6t  of  convex  glafies  inconteftably 
proved. 

But  if  they  knew  that  they  burned,  how  were 
they  ignorant  of  their  magnifying  the  objects  ? 
For  it  is  difficult  to  imagine,  that  an  invention  fo 
agreeable,  fo  neceffary,  and  fo  fimple  was  loft, 
even  in  the  greateft  barbarifm,  and  all  the  hifto- 
rical  monuments  concur  in  fixing  the  origin  of  it 
toward  the  end  of  the  13th  century,  when  they 
began  to  dilcover  the  ufe  of  fpectacles.  If  the 
Greek  or  Latin  philofophers  had  known  this  aug¬ 
mentation  of  objedfs,  would  they  not  have  made 
life  of  them  in  their  inquiries,  and  would  they 
not  have  mentioned  them  in  their  works  an  infi¬ 
nite  number  of  times  ?  There  would  have  been 
even  fpread  into  their  language,  as  in  ours,  me¬ 
taphors,  and  phrafes  taken  from  them.  It  is 
true,  that  there  are  two  or  three  pafiages  in  Plau- 
tus^  which  feem  to  prove  optick  glafies ;  but 
when  we  look  upon  them  more  nearly,  they  do 
not  prove  them  any  longer. 

Why  therefore  v/ere  they  ignorant  of  the  moft 
necefiary  ufe  of  the  burning  glafs  ?  In  the  fir  ft 
place,  the  falfe  ideas  of  philofophers  upon  vifion, 
may  have  contributed  to  it.  They  believed  that 
it  was  made,  either  by  the  flowing  of  I  know 
not  what  fubftance,  which  came  out  of  our  eyes, 
and  went  to  fearch  for  the  objedls,  or  by  little  re- 
prefentations  of  objedls  in  miniatute  which  came 
out  of  them,  and  fought  our  eyes  ;  all  their  diffi¬ 
culty  was  only  to  choofe  one  of  thefe  two  fyftems, 
both  equally  fiill'e  •,  they  had  no  fufpicion  of  our 
pencils,  and  foci^  and  confequently  they  did  not 
ice  any  relation  between  a  burning-glafs  and  tlie 

manner 
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manner  in  which  vifion  is  made,  and  one  of  thcfe 
things  was  not  like  to  conduft  them  to  the  other. 
Befides,  it  feems  that  their  burning-glafles  were 
balls  of  glafs,  either  folid  or  filled  with  water  ; 
and  it  is  demonftrated  by  dioprricks,  that  the 
focus  of  a  glafs  fphere  is  diffant  from  it  \  of  its 
diameter.  If  thefe  balls  were  but  |  a  foot  in  dia¬ 
meter,  which  is  the  greatefl  they  can  have,  we 
mufl  then  bring  an  objcdl  within  i  inch  \  to  per¬ 
ceive  that  it  was  magnified  ;  and  it  is  very  natural, 
and  even  almofi:  neceffary,  that  when  we  have 
looked  through  thefe  balls,  we  muft  only  have 
fecn  very  diftant  objedfs,  which  have  not  appeared 
greater,  but  only  disfigured  and  confufed  ;  the 
clear  augmentation  of  diftant  objetfts  requires 
either  very  large  fpheres,  which  is  impradicable, 
and  does  not  fall  into  ufe,  or  very  fmall  portions 
of  very  large  fpheres,  which  are  in  ufe  at  prefent 
with  great  fuccefs,  and  cannot  hardly  ever  be  found 
by  chance,  nor  eafy  to  imagine  by  reafoning.  Be¬ 
fides,  to  know  this,  the  glafs  muft  be  worked  as 
we  do,  and  according  to  all  appearance,  the  an¬ 
cients  only  knew  how  to  blow  it,  and  make  vef- 
fels  of  it.  It  is  not  therefore  furprizing,  that 
the  knowledge  of  burning-glaffes  did  not  carry 
them  farther  *,  it  is  much  more  fo,  that  there 
was  not  300  years  between  the  fpedlacles  and 
telefcopes.  Every  thing  is  flow  enough  among 
us,  and  perhaps  we  are  juft  upon  the^  border  of 
fome  important  difeovery,  which  we  fhall  one 
day  be  furprized  that  we  were  not  arrived  at. 

XVII.  A  77iethod  oj  f  opping  horfes  Jiiddejilj, 

j 

it  is  faid  to  be  a  known  faeft,  that  horfes  winch 
run  away,  ftop  all  at  once,  if  there  is  any  thing 

n  2  thrown 
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thrown  upon  their  head  which’ hinders  their  feeing. 
This  being  fuppofcd,  M.  Dalefnieh2iS.  fhewn  a  very 
eafy  manner  of  difpofing  two  lines,  which  let 
fall  at  once  upon  the  eyes  of  two  coach  horfes, 
two  pieces  of  leather  which  are  on  the  fide,  in 
fuch  a  manner  as  immediately  to  hinder  their  fee¬ 
ing.  Thefe  cords  may  be  pulled  from  within  the 
coach,  and  this  would  be  a  very  eafy  way  of 
preventing  a  very  fatal  accident,  and  even  the 
fear  of  if. 
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Philosophical  Memoirs  of  the  Rov^al 
Academy  of  Sciences  at  Paris^  for 
the  Year  1708. 

I.  Obfervations  on  the  quantity  of  rain^  which 
fell  at  the  royal  oh  few  at  or y  at  Paris,  dur-- 
ing  the  year  1707,  and  on  the  heights  of  the 
thermometer  and  barometer^  by  M,  de  la 
Hire*. 


IObferved  exaftly  each  day  of  the  year  1 707, 
in  the  eaft  tower  of  the  obfervatory  on  a  level 
with  the  great  hall,  the  heights  of  the  thermometer 
and  barometer,  with  the  quantity  of  rain  which 
fell,  and  in  the  fame  manner  as  in  the  preceding 
years,  and  as  I  have  there  explained  them.  But  it 
would  be  troLiblefome  to  relate  thefe  obfervations 
day  by  day,  therefore  I  fhall  only  give  the  refult 
of  each  month  :  the  height  of  the  rain  which 
fell  was  in 


1 

Lines, 

Lines. 

Jan. 

4i 

July 

3^ 

Feb. 

10 

Aug. 

34f 

March 

1 1 

Sept. 

April 

48- 

06tob. 

41 

May 

Nov. 

6 

June 

i6| 

Dec. 

274- 

The  fum  of  the  water  of  the  whole  year  215 
lines  or  17  inches,  1 1  lines. 


*  Jan.  7,  1708, 
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Which  varies  very  little  from-  19  inches,  to 
which  we  have  determined  the  mean  height  of 
the  rain  water  of  each  year.  Neverthelefs  we 
may  fay,  that  this  year  has  been  dry,  at  leaft 
the  fpring,  fince  it  has  hardly  rained  at  all  in 
Aprils  or  y  of  the  beginning  of  May  j  how¬ 
ever,  the  year  has  been  fruitful  in  corn,  as  it  ge¬ 
nerally  happens  in  this  country,  becaufe  The 
greatefl  part  of  the  ground  is  cool  and  moifl.  The 
1 2th  Auguft^  there  fell  21  lines  j  of  w^ater  *, 
and  during  the  4,  5,  6  and  7th  of  O^iober^  it 
rained  34  lines  in  height  with  a  weft  wind  with¬ 
out  ftorms.  There  fell  fnow  on  the  5th  of  March 
only  ;  but  it  melted  very  foon,  and  gave  |  a  line 
of  water. 

The  cold  has  not  been  confiderable  during  the 
whole  year  ;  for  my  thermometer  fell  at  the  loweft 
but  to  27  parts  y  the  firft  of  Feb,  and  in  the 
greateft  cold  it  falls  to  31,  but  very  feldom,  and 
it  was  at  48  at  the  bottom  of  the  caves  of  the 
obfervatory  ;  which  we  look  upon  to  be  the  mean 
ftate  of  the  air.  It  begins  to  freeze,  when  it  is 
at  32  •  fo  that  it  hardly  froze  this  year,  for  the 
thermometer  rofc  again  pretty  foon  ;  it  was  at 
the  loweft  at  31  inches  only,  the  ift  and  30th  of 
December, 

If  the  cold  has  not  been- great,  the  heat  on  the 
contrary  has  been  exceflave  ;  for  the  thernx)meter 
rofe  to  y  the  21ft  of  Aug.  the  preceding  day 
it  was  almoft  the  fame,  and  towards  3  in  the  after¬ 
noon,  when  the  air  is  the  hotceft,  the  thermome¬ 
ter  marked  82  ;  thus  the  heat  has  exceeded  the 
mean  flare  34  parts  or  degrees,  and  the  cold  only 
00  f .  From  whence  we  lee,  that  if  the  cold  had 
been  as  great  as  the  heat  was  in  proportion  to  the 
mean  ftate,  the  thermometer  ihould  have  fallen 
to  14,  as  it  fometimes  happens  j  for  we  fuppofe 

that 
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that  the  fpirit  of  wine  may  dila’te  itfelf  above  the 
mean  ftate,  with  the  fame  eafe  that  it  contradts 
itfelf  below  it. 

The  reigning  wind  of  the  whole  year  has  been 
between  the  S.  and  W.  as  it  is  always  in  this 
country  ;  and  it  is  that  which  commonly  gives  us 
rain,  and  in  a  greater  quantity,  for  it  comes  from 
the  fea  with  regard  to  us.  But  in  April  and  May\ 
the  wind  was  often  to  the  N.  and  thereabouts. 

The  barometer,  upon  which  I  make  the  ob- 
fervations,  is  always  placed  at  the  top  of  the  greac 
hall  of  the  obfervatory,  which  is  about  22  toifes 
above  the  mean  height  of  the  river,  and  this  ba¬ 
rometer  marked  3  lines  \  lefs  height,  than  another 
which  is  at  the  fide,  altho’  they  both  make  light 
in  the  vacuum  by  fhaking  the  quickfilver.  This 
barometer  was  at  28  inches,  3  lines  f  the  21  ft  of 
’November^  the  higheft  that  it  was  the  whole  year, 
altho’  the  wind  was  then  toward  the  W.  and  the 
sky  very  ferene  ;  but  the  days  before  and  after  it 
.  tended  to  the  N.  This  is  pretty  near  the  greateft 
height  that  it  rifes  to  here.  It  fell  at  the  loweft 
the  4th  of  December^  only  to  27  inches,  i  line, 
which  is  much  lefs  than  it  fails  fometimes,  and 
the  wind  was  then  towards  the  S.  W.  and  with 
very  little  rain.  I  fhall  give  in  another  memoir 
particular  obfervations  upon  the  barometer. 

I'he  declination  of  the  magnetical  needle  was 
10^  10' towards  the  W.  December  iZ,  1707,  in 
the  fame  place,  and  with  the  fame  needle,  of  8 
inches,  which  J  always  ufe. 


II. 


96  T'he  History  /7WM£Moirs  of  the 

IL  A  defcripUon  of  a  new  barometer^  to 
knoxv  the  weight  of  the  atr  exaBly ;  with 
fome  7^emarks  on  the  common  barometer^ 
by  M,  de  la  Hire 

In  philofophical  inquiries,  we  have  very  often 
occafion  to  know  exadliy  the  weight  of  the  air, 
what  it  is  at  a  certain  time  and  place,  and  it  can¬ 
not  be  certainly  known,  but  by  the  means  of 
baroiT^eters.  But  in  the  fimple  barometers,  which 
are  commonly  made  ufe  of,  and  which  appear  to 
be  the  mod  juft,  we  cannot  know  exadly  this 
weight,  beCciufe  of  the  little  height  of  quickfilver 
which  anfwers  to  a  great  height  of  air. 

For  as  to  the  heat  which  dilates  the  air,  or 
the  cold  which  contrails  it,  they  are  only  parti¬ 
cular  accidents  in  fome  particular  fpace  upon  the 
furface  of  the  earth,  which  do  not  increafe  or  di- 
minilh  the  effedl  of  the  gravity  of  the  whole  mafs 
of  air,  as  may  be  demonftrated  by  what  follows. 

I.et  i*  there  be  the  phial  A,  wdth  the  bent  tube 
B  D,  which  is  fixed  to  it  at  the  bottom  in  B  ;  and 
let  there  be  alfo  the  little  capillary  tube  F, 
which  is  fixeii  to  it  at  the  top.  If  quickfilver  is 
poured  into  the  tube  B  1),  through  the  aperture 
D,  it  will  enter  into  the  phial,  and  raife  itfelf  to 
the  fame  height  as  in  the  tube  B  D,  the  air  being 
able  to  go  out  by  the  tube  E  F,  and  when  there 
is  a  little  in  the  phial,  we  may  feal  the  extremity 
of  the  fmall  tube. 

Now,  if  the  phial  A  is  immerged  in  w^ater, 
luke-warm  or  a  little  hot,  the  air  w'hich  is  in- 
clofed  will  dilate,  and  the  quickfilver  will  rife  in 
BD,  as  to  G,  by  the  force  of  the  Ipring  of  the 
dilated  air,  and  it  will  defeend  a  little,  as  to  the 
*  Klarch  21,  1708.  f  Plate  II.  Fig.  i. 
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height  H  H,  in  the  phial,  fo  that  this  dilatation 
will  make  it  fuftain  a  height  of  quickfilver  H  G  ; 
and  if  any  body  was  inclofed  in  the  air  of  the 
phial,  it  would  then  be  in  a  much  thinner  air 
fhan  it  was  before,  and  yet  this  body  would  be 
more  comprelTed  than  it  was  j  for  it  will  be  be¬ 
yond  that  which  it  was  in  the  open  air,  by  the 
weight  of  a  column  of  quickfilver  equal  to  H  G, 
fince  this  dilated  air  makes  the  fame  effort  on  all 
fides,  that  it  made  to  fupport  the  column  of 
quickfilver  H  G,  and^  this  according  to  the  laws 
of  liquid  bodies,  and  it  borrows  this  effort  frord 
the  fides  of  the  phial ;  but  if  this  thinner  air  was 
only  in  fome  open  fpace  about  the  earth,  it  muft 
be  confidered  as  being  inclofed  in  a  thinner  air 
which  furrounds  it,  of  which  it  would  borrow  its 
effort,  which  could  only  be  equal  to  that  of  the 
air,  which  is  on  the  fides  and  above  it,  and  in 
this  cafe,  the  bodies  inclofed  in  this  thinner  air 
would  be  no  more  compreffed,  than  if  they  were 
at  the  fame  height  in  the  thinner  air. 

But  to  know  exadlly  the  weight  of  the  air  in  a 
certain  place,  and  in  a  certain  time  by  the  means 
of  the  barometer,  there  have  been  many  invented, 
which  give  the  difference  much  more  fenfibly  than 
the  fimple  barometer  ;  but  it  does  not  feem  to 
me  that  it  has  more  conveniences,  or  is  more 
juft  than  that  of  M.  Huygms^  which  is  com¬ 
monly  called  the  double  barometer  \  perhaps,  be- 
caufe  of  two  tubes,  and  two  boxes,  or  phials, 
which  compofe  it.  M.  Huygens  has  given  a  de- 
feription  of  it  in  the  Journal  de  Scavans  of  1672, 
which  is  as  follows. 

This  *  barometer  is  compofed  of  two  cylindri¬ 
cal  glafs  boxes  A  and  B,  of  equal  thick nefs  or 
diameter,  of  14  or  15  lines,  and  an  inch  in  height, 
*  Plate  II.  Fig.  2 
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Thefe  boxes  are  joined  by  a  tube  E  R  of  the 
fame  material,  and  two  lines  diameter  on  the  in- 
fide.  This  tube  is  bent  at  the  bottom  in 
where  it  joins  to  the  box  B.  Above  this  box, 
there  rifes  another  tube  C  D,  whofe  inftde  dia¬ 
meter  mull  be  but  a  little  more  than  a  line. 

There  mull  be  between  the  middle  of  the  box 
A,  and  the  box  B,  about  27  inches 

They  fill  firft  the  box  A,  and  the  tube  ER 
with  quickfilver,  holding  it  inclined,  and  having 
voided  all  the  air  that  was  inclofed  with  the  quick- 
filver,  they  raife  it  up  to  put  it  in  its  vertical 
fituation,  where  it  mufl  remain,  the  box  A  be¬ 
ing  upward,  and  the  box  B  downward.  Then 
the  quickfilver  mufl  remain  toward  the  naiddJe  ol 
the  ^box  A,  as  alfo  in  the  box  B  *,  and  between 
the  two  furfaces  of  the  quickfilver  in  both  boxes 
there  will  be  the  fame  difference  of  height  as  in 
the  fimple  barometers,  which  fhews  the  gravity 
of  the  air  with  relation  to  the  quickfilver  fufpended 
in  the  box  A,  above  that  of  the  box  B. 

Afterwards  there  is  common  water  poured 
through  the  tube  D,  in  which  there  is  mixed  ^ 
aqua  forth  to  prevent  its  freezing  in  the  win¬ 
ter,  or  fome  other  liquor  which  is  coloured  ;  and 
there  is  as  much  poured  in,  as  quite  fills  the  lower 
box  B,  and  raifes  the  water  in  the  tube  to  pretty 
near  its  middle  in  G,  fuppofing  the  gravity  of  the 
air  in  its  mean  ftate. 

After  this  conflru6lion,  M.  Huygens  adds,  that 
to  find  how  much  the  differences  marked  by 
this  barometer,  are  greater  than  thofe  that  the 
common  barometer  can  make,  there  is  a  general 
rule,  which  is,  that  the  proportion  of  the  diffe¬ 
rences  of  this  new  barometer,  to  thofe  of  the  com¬ 
mon  barometer,  is  as  14  times  the  fquare  of  the 
diameter  of  the  boxes,  to  once  the  fame  plus  28 

times 
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times  the  fquare  of  the  diameter  of  the  tube  which 
contains  the  water. 

This  double  barometer  is  very  convenient  for 
ufe,  in  its  ihewing  the  change  of  the  weight  of  the 
atmofphere  much  more  fenfibly  than  the  fimple 
ones ;  and  if  they  are  conftrudted  according  to 
the  dimenfions  and  manner  v/hich  M.  Huygens 
propofes,  they  will  be  about  twelve  times  more 
fenfible  than  the  fimple.  Neverthelefs  it  mult  be 
obferved  that  the  exaftnefs,  which  we  ought  to 
hope  from  them,  may  be  a  little  altered  by  the 
difficulty  that  the  air  may  have  to  ad:  upon  the 
water  of  the  little  tube,  and  by  the  height  where  it 
may  remain  fufpended  above  the  tube,  either  in 
rifing  or  falling,  and  this  height  may  even  change 
without  the  air  changing  its  gravity. 

For  if  the  water  is  defcended  in  its  tube  by  the 
increafe  of  weight  of  the  atmofphere,  the  little 
tube  being  moiftened  in  the  fpace  which  the  wa¬ 
ter  has  quitted,  the  water  will  at  firft  fupport  it- 
fclf  higher  than  it  ought,  becaufe  its  parts  are  as 
it  were  hooked  together,  and  to  the  inner  fides  of 
the  tube  *,  but  it  afterwards  finks  a  little  without 
there  happening  any  change  to  the  atmofphere. 
On  the  contrary,  when  the  atmofphere  becomes 
lighter,  the  water  does  not  rife  fall  enough,  nor 
with  the  fame  eafe  that  it  ought,  by  reafon  that  it 
does  not  ad  freely.  But  thefecaufes  of  irregula¬ 
rity  in  this  barometer  might  not  be  fo  confiderable 
as  thofe  of  the  dilatation  or  condenfation  of  the 
liquor,  with  relation  to  the  quickfilver  in  the  heat 
and  in  the  cold,  of  which  I  have  made  very  ex- 
ad  obfervations  upon  thefe  very  barometers,  for 
two  years,  as  I  ffiall  relate  in  another  memoir, 
which  mufl  increafe  or  dim  ini Qi  the  charge  upon 
the  quickfilver  of  the  lower  box. 

I  2 
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It  was  to  avoid  thefe  accidents  that  I  formerly 
propofed  to  M.  Huygens^  who  was  then  retired 
into  Holland^  and  with  whom  I  had  a  corre- 
rpondence,  to  make  fome  alterations  in  his  baro¬ 
meter,  that  I  might  not  undertake  any  thing  up¬ 
on  this  fubjedl,  which  might  make  him  uneafy, 
and  alfo  to  have  his  approbation  of  it,  if  he 
thought  that  the  thing  deferved  it  ;  and  this  is 
theanfwer  he  made  to  my  propofal.  Tour  thought 
for  the  double  barometer  appears  to  me  very  good 
and  ingenious,^  and  I  fee  that  it  may  be  made  to 
mark  ftill  greater  differences  than  in  mine^  by 
prolonging  at  the  top  the  tube  of  water  above  the 
tube  of  quickfilver,  Hague,  Aug.  24,  1690. 

After  that  time,  I  had  neglected  this  invention  ; 
but  at  laft  I  have  perfedted  it,  and  put  it  in  fuch 
a  ftate,  that  it  will  have  pretty  confiderable  ad¬ 
vantages  over  the  double  barometers,  as  M.  Huy¬ 
gens  has  judged  and  that  they  may  be  made  as 
fcnfible  as  we  pleafe,  and  if  it  is  not  more  fen- 
fible  than  his  own,  it  only  wants  ^  of  the  quick- 
filver. 

The  figure  *  fiiews  the  conftru6lion  of  this  ba¬ 
rometer,  which  is  almoft  like  the  double  barome¬ 
ter  ;  but  the  boxes  A  and  B  are  only  about  4  lines 
and  half  in  diameter  *,  the  thicknefs  of  the  tube 
C  D  on  the  infide  is  but  a  line  in  diameter,  and 
the  box  K,  which  is  joined  to  the  top  of  the 
tube  CD,  is  every  way  like  and  equal  to  both  the 
others,  but  it  muft  have  a  little  opening  at  the 
top.  The  three  boxes  are  each  2  inches  high, 
and  the  diftance  between  the  middle  of  the  two 
boxes  A  and  B,  ought  to  be  pretty  near  28  inch. 

As  for  the  thicknefs  of  the  tube,  which  joins  the 
two  boxes  A  and  B,  it  is  not  at  all  determined, 
for  this  tube  ferves  only  for  communication,  and 

•  Plate  II.  Fig.  3. 

it 

I 


Royal  Academy  ^  Sciences,  ioi 

k  is  fufficient,  that  it  be  i  or  2  lines  infide  dia¬ 
meter. 

The  quickfilver  is  put  into  the  boxes  A  and  B, 
as  in  the  double  barometer,  and  from  the  quick- 
filver  of  the  box  B,  to  about  the  middle  of  the 
box  K,  there  are  two  different  liquors,  which 
cannot  mix  together,  and  are  diftinguilhed 
in  G,  in  the  little  tube  C  D,  towards  the  middle, 
when  the  atmofphere  is  of  mean  weight. 

By  the  conftruckion  the  three  boxes  being  of 
equal  diameter,  they  will  always  have  the  fame 
height. of  liquor,  or  the  fame  weight  upon  the 
quickfilver  of  the  box  B,  in  all  its  different  heights, 
which  will  be  of  B  K,  which  is  the  height  of 
the  liquors  above  the  quickfilver  of  the  box  B, 
in  fupp  ofing  the  liquors  fenfibly  of  the  fame 
weight  between  themfelves,  and  of  the  fame 
weight  as  the  water,  which  is  14  times  lighter 
than  the  quickfilver,  according  to  M.  Huygens  ; 
for  the  liquor  will  rife  or  fall  as  much  in  the  box 
K,  as  the  quickfilver  in  the  boxes  B  and  A,  but 
it  will  rife  in  A,  when  it  falls  in  B,  and  on  the 
contrary. 

In  the  alterations  of  the  height  of  quickfilver 
or  weight  of  air,  it  is  evident,  that  the  lower  li¬ 
quor  G  B  will  ad:  as  in  the  double  barometer. 

My  barometer  may  be  ufed  as  the  fimple  baro¬ 
meter,  by  flicking  a  little  flip  of  paper  divided 
into  I  lines  upon  the  upper  and  lower  boxes, 
which  marks  the  entire  lines  of  the  height  of  the 
quickfilver,  which  anfwers  to  the  weight  of  the 
atmofphere  *,  fo  that  we  may  always  compare  the 
true  alteration  of  the  atmofphere,  v/ith  that  which 
fhall  be  marked  by  the  lower  liquor,  and  inftead 
of  dividing  the  height  of  the  tube  C  D  into  parts 
at  pleafure,  which  have  no  proportion  to  the 
height  of  the  atmofphere,  as  is  commonly  done, 

I  divide 
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divide  it  into  two  parts,  which  fliall  reprcfent  the 
heights  of  the  atmofphere,  in  lines  of  quickfilver, 
which  may  eafily  be  done. 

For  example,  having  found  that  the  difference 
of  the  height  of  the  quickfilver  in  the  boxes  A  and 
B,  when  the  atmofphere  is  light,  and  the  air  at  a 
mean  ftate  of  heat,  is  29  inches,  2  lines  *,  and 
knowing  the  proportion  of  the  weight  of  quick¬ 
filver  to  that  of  each  of  thefe  liquors,  and  alfo 
their  proportion  of  weight  to  the  quickfilver  ac¬ 
cording  to  their  heights,  which  is  2  inches,  2 
lines,  take  away  29  inches,  2  lines,  and  the  re¬ 
mainder  will  be  27  inches  for  the  true  height  of 
the  quickfilver,  which  fhews  the  weight  of  the 
atmofphere  in  ihis  date,  and  in  the  time  of  ob- 
fervation. 

This  is  the  reafon  that  there  mufl  be  writ  over- 
againft  the  point  M,  where  the  lower  liquor  is,  in 
its  tube,  this  height  of  27  inches  ;  and  place 
alfo  upon  the  boxes  A  and  B,  the  two  little  flips 
of  paper  divided  into  |  lines,  fo  that  their  divi- 
fion  which  fliall  be  marked  at  the  height  of  the 
quickfilver  be  marked  27  inches. 

If  you  have  no  regard  to  the  alterations  of  the 
bulk  of  the  liquors  and  quickfilver  in  cold  and 
heat,  with 'regard  to  the  mean  date,  nor  to  the 
ilifferent  heights  of  the  lower  liquor,  which  is  a 
little  heavier  than  the  other,  it  is  evident  that 
the  quickfilver  will  fall  or  rife  in  its  boxes,  in  the 
manner  that  I  have  before  faid  ;  for  the  liquors 
which  we  fuppofe  very  near  of  equal  weight,  will 
always  charge  equally  the  quickfilver  of  the 
lower  box.  We  need  therefore  only  know  the 
motion  of  the  lower  liquor  in  its  tube,  in  propor¬ 
tion  to  the  motion  of  the  quickfilver  in  its  boxes. 
This  may  be  found  by  experiment,  if,  after  the 
fird  cbfervation  when  the  atmofphere  was  light, 

there, 
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there  be  another  made  when  it  fhall  be  heavy, 
the  air  being  pretty  near  the  fame  (late  of  heat  : 
for  we  fhall  have  upon  the  divifion  of  the  boxes 
the  height  of  the  quickfilver,  which  anfwers  to 
the  weight  of  the  atmofphere  *,  and  fuppofing  it 
to  be  an  inch,  that  is  to  fay  |  an  inch  upon 
each  box,  mark  the  height  of  the  liquor,  as  in 
Z,  28  inches  ;  and  divide  the  fpace  M  Z  into 
the  number  of  lines,  which  have  been  obferved 
for  thefe  two  points  M  and  Z,  which  is  here  1 2, 
and  continue  thefe  divifions  above  M  and  below 
Z,  which  is  eafy  to  underfband.  We  fuppofe, 
that  the  tube  and  the  boxes  are  of  equal  thicknefs 
all  the  way  *,  if  not,  for  greater  juftnefs  we  muft: 
find  by  experiment  other  points  of  height  of  the 
liquor  in  different  weights  of  the  atmofphere. 

We  fee  by  what  has  been  juft  explained  for  the 
divifion,  that  if  the  true  height  of  the  quickfilver 
be  known  that  anfwers  at  one  time,  as  that  which 
is  here  above  marked,  to  the  weight  of  the  at¬ 
mofphere,  there  need  only  be  at  fir  ft  put  the  little 
flips  of  paper  upon  the  boxes  A  and  B,  which 
mark  this  height  over-againft  the  furface  of  the 
quickfilver,  and  alfo  the  fame  height  at  the  fide 
of  the  tube  C  D,  over-againft  the  furface  of  the 
lower  liquor,  and  we'  have  only  to  know  the  pro¬ 
portion  of  the  weight  of  the  liquors  to  that  of 
the  quickfilver,  and  the  reft  is  done  of  itfelf. 

Obferve  that  the  aqua  fecunda  made  with  ^ 
of  aqua  fortis^  is  to  the  quickfilver  in  weight, 
according  to  the  obfervations  of  M.  Homherg^  as 
pretty  nigh  i  to  12,  which  is  alfo  the  proportion 
of  oil  of  tartar,  that  is  put  into  the  double  baro¬ 
meter,  as  I  have  found  by  the  examinations  that 
I  have  made. 

There  only  remains  for  me  to  examine  what 
muft  happen  to  my  barometer,  by  the  dilatation 

and 


104  T'he  History  and  of  the 

and  condenfation  of  the  liquors,  and  of  the  quick- 
filvcr  in  the  great  cold  and  heat.  By  the  experi¬ 
ment  which  I  propbfed  before,  where  I  took  the 
mean  ftate  of  the  heat  of  the  air,  we  found  di- 
vifions  with  which  we  might  be  contented,  if  a 
great  exa(5lnefs  was  not  required ;  and  fo  much 
the  more,  as  there  being  but  little  quickfilver  and 
liquor  in  the  boxes  of  this  barometer,  the  altera¬ 
tion  of  heat  and  cold,  beyond  the  mean  ftate,  can 
caufe  no  great  difference  ;  yet  we  may  draw  two 
lines  parallel  to  M  Z  on  each  fide  of  it,  and  very 
near  to  it,  and  there  mark  alfo  by  experiment, 
in  the  great  heat  and  cold,  the  divifions  which 
fhall  anfwer  to  the  heights  of  the  quickfilver  of 
the  boxes,  and  do  alfo  the  fame  thing  for  the  di- 
vifions  of  the  boxes ;  for  as  to  the  different  con- 
ftitutions  of  the  air  between  the  extremes  and  the 
mean,  it  will  not  be  difficult  to  judge  of  them. 

Laftly,  oil  of  tartar  may  be  put  for  the  lower 
liquor,  as  in  the  double  barometer  *,  and  fpirit  of 
wine,  or  oil  petroleum^  for  the  upper  ;  which  I 
believe  to  be  more  proper  than  putting  fpirit  of 
wine  at  the  bottom,  and  oil  of  petroleum  at  the 
top,  becaufe  the  oil  of  tartar  alters  its  bulk  lefs 
than  the  fpirit  of  wine  by  heat  and  cold;  never- 
thelefs  the  fpirit  of  wine  approaches  nearer  to  the 
weight  of  the  oil  petroleum^  than  to  that  of  the 
oil  of  tartar.  But  there  muft  be  a  mark  made 
upon  the  box  K  N,  where  the  upper  liquor  is  in 
a  certain  difpofition  of  the  air  and  of  the  acmo-, 
fphere,  to  know  afterwards  how  much  this  liquor 
will  be  diminifhed  by  evaporation,  and  to  put  in 
again  as  much  as  there  was  at  firft  ;  but  the  aper¬ 
ture  of  this  little  box  may  be  lightly  ftopped, 
which  will  not  hinder  the  air  from  adling  upon 
the  liquor  ;  and  even  a  fmail  (lender  tube  may  be 

applied 
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applied  to  the  top  of  this  aperture,  which  will 
preferve  the  liquor  longer. 

III.  'RefieSiions  on  the  variation  of  the  needle^ 
obferved  by  the  Sieur  Houffaye,  joaptatri 
commandant  of  the  fkip  L’Aurore,  during 
the  expedition  to  the  Eaft-Indies,  made  by 
the  fquadron  commanded  by  the  baron  de 
Pallieres,  in  and  1705,  by  M,  Caf- 
fini  the  fon  tranfated  by  Mr.  Gham- 
bers. 


A  journal  of  the  obfervations  of  the  needle, 
made  by  M.  HouJJaye.,  captain  of  the  fliip  Au¬ 
rora^  in  a  voyage  to  the  Eaft~Indiesl  in  the 
fquadron  commanded  by  the  baron  de  Pallieres^ 
was  fent  by  the  commiffioner  of  the  marine  in  the 
eaft  to  the  count  de  Font  char  trane^  according  to 
the  orders  which  he  had  received  for  that  pur- 
pofc.  This  officer,  who  has  acquired  great  ex¬ 
perience  in  eight  feveral  voyages  to  the  Eaft^In- 
dieSi  not  only  relates  the  obfervations  which  he 
made  in  his  Jaft  voyage,  but  alfo  compares  them 
with  thofe  he  had  made  in  feveral  places  in  his 
former  ones,  with  defign  to  ffiew  the  increafe  of 
diminution,  to  which  the  variation  is  fubjedl  in- 
length  of  time.  He  has  alfo  taken  care  to  note 
the  obfervations,  which  he  made  in  the  fight  of 
the  capes,  ifiands,  and  coafls  in  his  pafifage,  and 
informs  us,  that  he  made  ufe  of  the  Mercator*^ 
chart  of  Pieter  Goos^  where  the  firft  meridian 

paflfes  thro’  the  pike  of  'Teneriff. - Having 

therefore  a  copy  of  this  author’s  chart  of  the 
Eaji-lndies^  we  had  an  opportunity  of  compar¬ 
ing  his  obfervations  with  the  variations  laid  down 
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in  Dr.  Hallefs  chart,  allowing  for  the  difference 
of  longitudes  between  the  two. 

At  their  departure  from  Port  Louis  on  the 
French  coafts,  the  variation  of  the  needle  was 

found  5"' - north- weft  ;  in  Dr.  Halley*%  chart  it 

is  laid  down  as  6  ’ — |  north-weft. 

At  337" — long,  and  22®  north  lat.  the  variation 
was  found  o  *,  where  in  Dr.  Halley^s  it  is  noted  as 
i'’ — i  north- weft. 

At  353  ' — 45'  — long,  and  16^ - 30' —  fouth 

lat.  the  variation  was  found  2^ - 1  north-eaft  ; 

where  in  Dr.  llalUy\  chart  it  is  noted  as  3  ’ - i 

north-eaft. 

354'" — ^  long,  and  18” - fouth  lat.  the 

variation  was  found  3^ - ^  north-eaft  •,  where 

in  Dr.  Halley^s  chart  it  is  3^ - ~  north-eaft. - 

This  fame  variation  of  3'’ — |  north-eaft,  continued 
as  far  as  23^^ —  fouth  lat.  Under  the  fame  lon¬ 
gitude  of  354" —  where  in  Dr.  Halley*^  chart  it  is 
made  4" - f  north-eaft. 

In  thefe  places  M.  Houjfaye  obferves  the  va¬ 
riation  in  1682  was  found  ii'’ -  north-eaft, 

fince  .which  time  it  has  conftantly  diminifhed,  fo 
as  now  only  to  be  4  or  5" - 

The  greateft  variation  north-eaft,  which  he 

found  in  this  voyage  was  6' - the  longitude 

being  367  —  and  the  latitude  28  —  fouth  ward, 
in  which  place  it  is  reprefented  in  the  chart  as 
fomewhat  under  5'' —  north-eaft.  This  variation 
diminiflies  as  you  proceed  eaftward,  and  at  length 
turns  to  the  north-weft  *,  fo  that  within  fight  of 
the  Cape  of  Good  Hope^  and  along  all  the  coafts  of 
Angola^  as  far  as  Bengaf  it  is  9  or  10° —  north- 
weftwards  •,  and  is  laid  down  accordingly  in  Dr. 
Hallefs  chart. 

On  the  welkrn  fide  of  the  bank  Bes  Aiguilles^ 
the  variation  was  found  — north-weft,  and 

on 
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on  the  eaftern  fide  of  the  fame  bank  if  —  \  to 

14® - and  is  reprefenred  much  the  fame  in  Dr. 

Halley’s  chart. - In  1680,  M.  HouJJaye  oh^trvts 

the  variation  at  the  Cape  of  Good  Hope  was  only 
from  7  to  7^ — 7  north- weft,  fince  which  time  it 
has  been  continually  increafing,  as  well  as  at  the 
bank  Des  Aiguilles. 

Through  the  whole  channel  of  Mofamhicque.i 
from  7  f —  fouth  lat.  as  far  as  within  light  of  the 
bay  of  St.  Auguliine.,  in  the  ifland  of  Madagafcar., 

the  variation  is  found  from  22  to  23® - north- 

weft  ;  and  in  the  year  1682  was  found  from  18 

to  19° - Dr.  Halley’s  chiirt  for  the  year  1700, 

reprefents  it  in  the  hz.'q  o^^i.Augufiine.,  as2i^ — 
which  is  fomewhat  lefs  than  it  was  obferved  in 
1704,  as  it  ought  to  be,  by  reafon  of  the  annual 
increafe  of  the  variation  in  this  place. 

Within  fight  of  the  ifland  of  fuan  de  Nour^ 
the  variation  was  found  22® — north-weft,  where 
in  the  chart  it  is  20^ - f  north- weft. 

Within  fight  of  the  iflands  Mayotte.^  AmzHam^ 
and  Moely\  the  variation  was  found  20® — 30' — 

north-weft;  formerly  it  was  only  18^ - and 

in  Dr.  Halley’s  chart  is  20^ — north- weft. 

Under  the  line  at  70° - long,  the  variation 

was  found  16® — north-weft  ;  where  in  Dr.  Hal¬ 
ley’s  chart  it  is  i  7^ — f  north- weft. 

At  8f — long,  and  15^ — north-lat.  the  va- 
riadon  was  found  10^ — 30' north-weft  ;  where  in 
Dr.  Halley’s  chan  it  is  12^ — north-weft. 

Within  fight  of  Canary  at  16^ - 30'  north 

lat.  and  all  along  the  coafts  of  Malabar.,  the  va¬ 
riation  was  found  6^ - 30' -  north-weft, 

where  the  chart  makes  it  8^ — north-weft. 

AiCapeComorin  in  the  variation  was  found  7^— 

30 - north-weft  ;  in  the  chart  it  is  f - \ 

north- weft. 

K  2  Within 
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Within  fight  of  Point  Galle^  in  the  ifland  of 

CeiloHy  the  variation  was  found  - \  north- 

Weft  in  the  chart  it  is  6^—^^ - f. 

Near  the  coaft  of  Coromandel^  the  variation 
was  found  5^-^ — ^  north- weft,  exa\5lly  the  fame  as 
in  the  chart. 

In  the  iflands  Andaman  and  Nicobar^  the  va¬ 
riation  was  found  3^ —  north-weft,  precifely  as 
in  the  chart. 

Within  fight  of  the  ifland  Diego  Rodrigues^  the 
variation  was  found  16? — ^30' north- weft,  which 
in  the  chart  is  19'^ - north- weft. 

Within  fight  of  the  ifland  Maurice^  the  varia¬ 
tion  was  found  21^-:^^ — north- weft,  where  the 
chart  gives  it  20^*— |  north-weft. 

Within  fight  of  the  ifland  Bourbon^  the  variar 
tion  was  found  from  — |  to  22^ —  north- 

Weft,  where  the  chart  gives  it  21^ — north- 
weft. 

At  74^ — ^long.  and  25^ —  fouth  lat.  the  va¬ 
riation  was  found  23^ — \  north- weft,  where  the 
chart  gives  it  22^ — |  north- weft. 

At  72^ — 45' Jong,  and  27^ — 15'  fouth  lat.  the 
variation  was  found  24^—30' —  where  the  chare 
gives  it  23® — north -weft. 

The  fame  variation  continued  as  far  65^—^ 

45^ - iong-  ^ind  33^ — rio' fouth  lat.  where  the 

chart  malces  it  23^^ — f  north- weft. 

From  this  place  the  variation  continually  di- 
miniflred,  as  they  proceeded  towards  the  Cape 
des  Aiguilles  about  the  middle  whereof  at  35^ — — 

30' lat.  the  variation  was  found  13^ - north- 

weft,  and  within  fight  of  the  Cape  of  Good  Hope^ 
and  all  along  the  coafts  of  Angola^  as  already 
mentioned,  from  9^ — I  to  jo'^ —  north- weft  *, 
in  Dr.  Halleyh  chart  the  variation  at  the  middle 
of  the  bank  Des  Aiguilles  is  1 2^r— 
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At  the  Cape  of  Good  Hope  fomewhat  above 
10^ —  and  along  the  coafts  Angola  from  to 
10^ - 

As  you  proceed  hence  towards  the  ifland  of 
St.  Helena^  the  variation  gradually  diminifhes  ; 
fo  that  within  fight  of  that  ifland,  on  the  eaftern 

fide,  it  was  found  i  ^ - or  i  ^ \  north- 

weft,  where  the  chart  gives  it  fomewhat  above  ^ 
I Q - north- weft. 

At  the  iftand  of  Afcenfton^  there  is  no  variation, 
or  at  moft  not  a  degree  north-eaft  wards ;  the  chart 
gives  it  y  of  a  degree  north-eaftwards. 

Proceeding  hence  for  France^  as  you  pafs  the 
linear  357  or  358^  of  longitude,  there  is  no  va¬ 
riation.  The  chart  gives  it  a  variation  of  |  a 
degree  north-eaftwards. 

As  we  approach  the  Azores^  the  needle  begins 
to  decline  north-weftwards ;  fo  that  within  fight 
of  the  illands  Corva  and  Flora,  we  find  a  varia¬ 
tion  of  4^ - .to  4®- - 30^ - — —  north- weft-' 

wards,  where  the  chart  gives  it  5^—*^ — ^ — -f 
north-weftw'ard. 

As  we  approach  ^erre-Neuve,  the  variation 
increafes  to  7  or  8^ —  and  at  length  on  the  coafts 
of  Britany  dwindles  to  5^ —  north- weft,  as  was 
obferved  at  our  departure  from  Port  Louis . 

Many  of  thefe  obfervations  agree  exadlly  witk 
thofe  ofDrMa/ley^s  chart,  and  the  generality  of  them 
only  differ  about  a  degree,  which  muft  be  allow’d 
a  very  great  pitch  of  accuracy,  confidering  the 
difficulty  of  making  exadl  obfervations  of  the  va¬ 
riation  at  fea.  This  difference  may  alfo  in  fome 
meafure  arife  from  the  annual  change  found  in  the 
variation  of  the  needle,  which  increafes  in  fome 
places  and  diminiffies  in  others,  as  appears  from 

thefe  obfervations. - -  For  at  354^ —  longi- 

tivde,  and  2q^ —  fouthern  latitude,  the  variation, 

which 
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which  is  norih-eaft,  has  in  22  years  dwindled 
fiorn  ii^ —  to  5.  At  the  Cape  of  Good  Hope, 
the  variation,  which  is  north-weft,  has  in  24 

years  increafed  2  or  3^ - and  in  the  channel  of 

Mofambicque^  near  the  bay  of  St.  Augufiine^  it 
has  in  22  years  increafed  4  or  5^ — . 

IV.  Experimeiits  and  ,obfervat ions  on  the  di^ 

latation  of  the  air  by  boiling  water ^  by  M. 

de  la  Hire  tranfated  by  Mr,  Chambers. 

M.  Amonto7is  had  long  difeovered  by  experi¬ 
ments,  that  the  heat  of  boiling  water  can  only  di¬ 
late  air  to  a  certain  pitch,  whatever  degree  ot  fire 
be  employed  to  make  it  boil ;  when  he  propofed 
to  the  academy  a  new  thermometer,  whereby  to 
difeover  the  relation  between  the  heat  of  air  over 
the  whole  earth. 

-  His  experiments  were  chiefly  made  with  a  ma¬ 
chine  very  ingenioufly  contrived,  tho’  fomewhat 
compound  and  diflicult  of  application,  by  means 
whereof  he  compreflTed  the  air,  in  a  glafs  phial, 
with  27  inches  of  mercury,  beyond  its  natural 
comprcfiion  from  the  weight  of  the  atmofphere. 
This  phial  was  joined  to  a  crooked  glafs  tube, 
v/hcrein  was  mercury  27  inches  above  that  in  the 
phial,  the  ufe  ot  his  machine  was  to  bring  the 
mercury  to  this  height,  then  he  plunged  the  phial 
with  its  crooked  tube  in  cold  water,  which  at 
iaft  he  placed  over  the  fire  till  it  boiled  vigoroufly; 
and  this  experiment  being  performed  before  the 
academy,  it  was  obferved,  that  after  the  water 
boiled,  the  mercury  fuftained  in  the  tube  rofe  no 
higher,  tho’  the  fire  was  confiderably  increafed,' 
than  it  did  when  it  firft  beg^n  boiling. 

*  July  24,  I  703. 
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This  experiment  I  thought  very  curious,  but 
did  not  conceive  why  he  made  it  with  air  com- 
preflcd  with  27  inches  of  mercury  beyond  its  na¬ 
tural  load.  To  conclude  from  thence,  that  the 
air,  fuch  as  on  the  furface  of  our  earth,  without 
further  comprefTion  than  that  of  the  weight  of  the 
atmofphere,  dilates  itfelf  by  boiling  water  about 
j  of  its  former  bulk,  fince  in  thefe  conclufions 
feveral  things  muft  neceflarily  be  fuppofed  about 
the  nature  of  air,  whereof  we  have  no  fatisflidory 
knowledge. 

The  firft  experiments  made  by  M.  Amontms^ 
led  him  infenfibly  on  to  execute  what  he  had  pro- 
je6led,v/ithout  giving  him  room  to  think  of  another 
fimpler,  and  confequently  jufber  method  of  at¬ 
taining  it.  This  was  what  induced  me  to  make  the 
following  experiments  of  the  dilatation  of  arr^ 
and  its  force,  when  heated  by  boiling  water,  to 
fuftain  a  certain  height  of  mercury  without  intro¬ 
ducing  any  foreign  prelTure,  more  than  what  a- 
rifes  from  the  weight  of  the  atmofphere,  at  the 
time  and  place  of  experiment.  I  took  a  glaf^ 
tube  *  A  B  C,  bent  in  B,  and  to  the  extre¬ 
mity  thereof  C,  faflened  a  phial  D  2  inches  in 
diameter,  the  tube  was  open  in  A,  and  its  dia¬ 
meter  about  ^  of  a  line  on  the  infide.  Thus  far 
agrees  with  the  phial  and  tube  ufed  by  M.  Amon- 
tons  ;  but  it  being  impolTible  to  pour  mercury 
into  the  tube,  without  comprelTing  the  air  in  the 
phial,  I  faftened  another  very  flender  tube  E  F 
over  the  phial,  which  opening  into  it,  let  the  air 
efcape  in  proportion  as  the  mercury  entered  the 
tube  A,  till  having  poured  the  mercury  into  the 
tube  ABC,  about  2  lines  higher  than  the  aperture 
of  the  leffer  tube  in  the  phial,  I  fealed  the  extre¬ 
mity  F  of  this  lefler  tube,  the  mercury  being  now 

*  Plate  U.  Fig.  4. 
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at  the  fame  height  in  the  phial  as  in  the  tube  AB, 
and  confequently  the  air  in  the  phial,  no  more 
compreffed  than  the  external  air,  which  M.  Aman^- 
tons  had  not  been  able  to  attain,  in  pouring  his 
mercury  into  the  tube,  as  he  himfelf  confelles  in 
the  memoirs  of  1699,  which  was  doubtlefs  what 
led  him  to  comprels  it  with  27  inches  beyond  its 
natural  load,  to  make  its  comprelTion  about  double 
of  what  it  ufually  is. 

I  obferved  at  the  fame  time  the  height  of  the 
barometer,  which  was  27  inches,  7  lines  j,  and 
the  thermometer  ftood  at  42  degrees,  which  is  al¬ 
ways  at  48  in  the  vaults  of  the  obfervatory,  and 
makes  what  I  call  the  mean  ftate  of  the  air  be¬ 
tween  heat  and  cold,  the  weather  being  moift 
with  a  fouth  wind,  and  the  day  the  i  ith  of  De¬ 
cember^  1 705.— Without  more  ado,  I  put  the 
phial  in  water,  and  the  water  over  the  fire,  till 
making  it  boil  violently,  the  mercury  rofe  8 
inches,  5  lines  in  the  tube  A  B  above  that  in  the 
phial ;  but  the  third  of  27  inches,  7  lines  I,  is 
9  inches,  2  lines  |,  and  confequently  the  air  in 
the  ftate  it  was  in,  before  its  being  dilated  by 
the  heat  of  the  water,  did  not  fuftain  a  height  of 
mercury  equal  to  j  of  the  weight  of  the  atmo- 
fphere,  but  Jefs  by  9  lines  y. 

This  operation  1  repeated  on  the  i6th  of  Feb 4 
1 706,  with  tlie  fame  phial  as  before,  wherein  the 
mercury  had  been  left  ever  fince,  the  little  tube 
ftill  continuing  fealed  *,  but  this  time  the  thermo¬ 
meter  only  ftood  at  38  degrees,  and  confequent¬ 
ly  the  air  in  the  phial  was  more  contra6led  than 
in  the  former  experiment,  when  the  weather 
was  warmer,  and  befides  the  barometer  now  ftood 
at  28  inches,  5  lines,  and  confequently  the  at- 
mofphere  was  9  lines  \  of  mercury  heavier  than 
before.  On  both  thefe  accounts,  the  mercury 

fhouki 


Royal  Academy  of  Scincees.  i  13 

fliould  have  fallen  in  the  tube  were  it  was  left, 
and  was  found  accordingly  1  inch,  6  lines  lower 
than  that  in  the  phial. 

Opening  therefore  the  end  of  the  little  tube,  to 
give  room  for  the  external  air  to  prefs  upon  the 
mercury  in  the  tube,  it  prefcntly  rofe  to  the  fame 
height  as  that  in  the  phial  ;  then  fealing  the  little 
tube  anew,  1  put  the  phial  in  water,  which  I 
made  boil ;  but  found  that  the  mercury  now  only 
rofe  8  inches  above  that  in  the  phial,  which  is  5 
lines  lefs  than  before,  and  14  lines  f  lei's  than  j 
of  the  weight  of  the  atmofphere. 

And  yet  as  the  air  was  colder  and  heavier,  and 
confequently  a  greater  number  of  its  fpringy  par¬ 
ticles  contained  in  the  lame  com.pafs  of  the  phial, 
the  heat  of  boiling  water,  which  was  the  fame 
in  both  experiments,  fhould  rather  have  increafed 
its  efFe(^,  and  made  it  fuftain  a  greater  height  of 
mercury,  but  the  contrary  being  found,  we  mult 
of  necelTity  confefs,  that  the  nature  of  the  air  is 
unknown  to  us,  unlefs  we  fuppofe  that  the  weight 
of  the  atmofphere  ad;ing  on  the  mercury  in  the 
tube  had  more  force  to  deprefs  the  air  in  the  phial 
than  the  boiling  water  had  to  make  the  mercury 
rife,  by  opening  and  unfolding  the  fprings  of 
the  air  inclofed  in  the  phial. 

’Tis  true,  that  according  to  the  fuppofition  of 
M.  Mariotte^  which  M.  Amontons  makes  ufe  of, 
to  infer  the  dilatation  of  air  by  boiling  water,  to 
be  i  more  than  what  it  naturally  is,  viz.  That 
the  fprings  of  air  are  comprelfed  in  the  recipro¬ 
cal  ratio  of  the  weights,  we  fnould  always  find 
the  fame  ratio  between  the  weight  of  the  at¬ 
mofphere,  and  the  weight  of  mercury  raifed  in  the 
tube,  as  between  the  compreffion  of  the  air  by  the 
weight  ot  the  atmofphere,  and  the  effort  made 
by  the  fame  mercury  in  the  tube  to  comprefs  the 
V^OL.  III.  .  26.  L  quan- 
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qu:antity  of  air  firft  contained  in  the  phial,  which 
effort  makes  what  we  call  the  dilatation  of  the 
fprings  of  air  by  boiling  water  to  fuftain  a  weight, 
tho’  in  reality  thefe  fprings  be  not  dilated  •,  for 
the  heat  of  boiling  water  ading  on  the  air  in- 
cloled  in  the  phial,  makes  no  fenfible  alteration 
in  its  bulk,  while  it  obliges  the  mercury  to  rife  a 
certain  height  in  the  tube,  to  make  an  equilibrium 
therewith.  ’ Tis  therefore  this  height  of  mercury 
in  the  tube,  that  always  balances  the  effort  of  the 
boiling  water  on  the  air  in  the  phial ;  lo  that  this 
air  in  the  phial  mufl  now  be  confidered  as  com- 
preflcd  by  the  weight  of  the  atmofphere,  and  the 
height  of  the  mercury  in  the  tube  likewife,  tho' 
before  it  was  only  compreffed  by  the  weight  of 
the  atmofphere  *,  and  as  the  bulks  of  the  air  in 
the  phial  are  to  be  in  the  reciprocal  ratio  of  the 
incumbent  weights,  it  w'ill  amount  to  the  fame 
as  introducing  into  the  phial,  where  the  mercury 
undergoes  no  fenfible  change  of  height,  a  quan¬ 
tity  of  air  compreffed  by  the  two  caufes,  the 
weight  of  the  atmofphere,  and  of  the  mercury  in 
the  tube,  which  had  the  fame  ratio  to  the  quan¬ 
tity  of  natural  air  in  the  phiaJ  *,  and  this  air  like¬ 
wife  comprefled  by  the  two  former  caufes,  as  the 
weight  of  the  mercury  in  the  tube  would  have  to 
the  weight  of  the  atmofphere  over  the  fame  bafe. 
- For  an  inlf  ance. 

Suppofing  the  weight  of  the  atmofphere  equal 
to  27  inches  of  mercury,  the  height  of  the  mer¬ 
cury  in  the  tube  9  inches,  and  the  capacity  of  the 
phial  4  inches,  which  fifl  we  fuppofe  full  of  air, 
compreffed  by  the  weight  of  the  atmofphere,  be¬ 
fore  the  mercury  rifes  in  the.  tube.  When  the 
mercury  is  id  fen  9  inches  in  the  tube,  the  phial  ftill 
remaining  full  of  air,  this  air  mufl:  be  compreffed 
therein  beyond  what  it  was  before  in  the  recipro¬ 
cal 
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ca.1  ratio  of  the  incumbent  weights,  which  areas 
27  to  36,  or  3  to  4 ;  fo  that  it  amounts  to  the 
lame  thing,  as  if  an  inch  of  this  compreffed  air 
had  been  introduced  into  the  phiaJ,  which  inch  of 
compreffed  air  would  be  the  meafure  of  the  effort, 
with  regard  to  the  3  inches,  into  which  the  air  ot 
the  whole  phial  would  be  reduced,  which  would 
balance  the  9  inches  height  of  mercury  in  the 
tube  *,  whence  it  follows,  that  this  fuppofed  quan¬ 
tity  of  air  introduced  into  the  phial,  which  is  the 
meafure  of  the  effort  of  boiling  water  on  the  air 
in  the  phial  (it  being  the  boiling  that  makes  this 
effort)  will  always  bear  the  fame  ratio  to  the 
quantity  of  air  naturally  compreffed  in  the  phial, 
as  the  height  of  mercury  in  the  tube  bears  to  the 
height  of  mercury,  which  balances  the  weight  of 
the  atmofphere. 

Examining  therefore  our  two  experiments  by 
this  rule,  we  fliall  have  for  the  firft  effort  of  the 
boiling  water,  with  regard  to  the  weight  of  the 
atmofphere,  8  inches,  5  lines,  to  27  inches,  7 
lines  i,  which  is  nearly  as  10  to  33  ;  but  for  the 
fecond,  we  fhall  have  it  as  8  inches  to  28  inches, 
5  lines,  which  is  nearly  as  10^35^;.  whence  it 
appears,  that  this  ratio  is  far  from  j  of  the  weight 
of  the  atmofphere  5  and  farther  in  the  fecond 
experiment  than  the  firft.  Accordingly  M. 
tons  does  not  call  it  j  ;  for  he  only  learned  it  by 
induction  but  nearly 

All  our  reafonings  hitherto  upon  the  dilatation 
of  air  by  boiling  water,  is  founded  on  the  two 
known  properties  of  air,  viz.  its  being  a  fluid, 
and  its  parts  being  fpringy  ;  for  as  to  its  weight, 
it  need  not  be  regarded  in  thefe  experiments, 
where  its  height  in  the  .phial  is  fo  inconfiderable  ; 
fo  that  all  the  properties  of  fluid  and  fpringy  bo- 

h  ^  die?i. 
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dies  may  be  attributed  to  the  air  in  thefe  experi-; 
ments. 

Hence  the  mercury  fhould  only  rife  in  the  tube 
to  a  certain  height,  where  it  has  fufficient  force  to 
bend,  or  drain  the  fprings  of  the  air,  to  render 
it  a  balance  -to  itfclf,  which  height  will  be  the 
fame  upon  the  furftce  of  the'  mercury  contiguous 
to  the  comprefied  air,  whether  we  fuppofe  a 
great  deal  of  air,  or  a  multitude  of  fprings,  or 
onhy  a  few,  tor  the  fprings  will  fuftain  each  other, 
and  are  all  fuftained  at  laft  by  the  parietes  of  the 
veffe!  they  are  contained  in. 

This  appears  the  more  probable,  as  in  taking 
one  of  thefe  phials  with  its  tube  ABDE  *,  and 
pouring  mercury  into  it  by  the  tube  E  D,  till  it 
rife  to  E  in  the  tube  D  E,  which  is  open,  and 
only  to  F  in  the  tube  D  B,  which  is  faftened  to 
the  phial  A  B  underneath  B.  ’Tis  certain,  that 
the  air  in  the  phial,  and  in  the  part  BE  of  the 
tube  BD,  will  be  comprefied  more  than  the  ex¬ 
ternal  air,  as  being  loaden  with  a  height  of  mer¬ 
cury  EE;  and  in  this  cafe,  if  the  whole  phial  Be 
taken  aw^ay,  or  only  its  communication  with  the 
tube  B  D  in  B  be  dopped,  'cis  eafy  to  infer,  that 
the  mercury  will  dill'  remain  in  F,  and  neither 
rife  nor  tall  in  the  tube  B  D,  tho’  the  compreffed 
air  in  B  F  have  no  longer  any  communication 
v/ith  that  in  the  phial,  which  is  compreffed  J ike- 
wife  by  rhele  experiments,  therefore  it  appears  in¬ 
different,  whether  the  phial  be  Email  or  great 
compared  to  the  thicknefs  of  the  tube. 

.  Neverthelefs  as  neither  the’eontradfion  nor  ex- 
renfion  of  fprings  is  infinite,  but  both  of  them 
have  their  bounds,  it  follows,  that  dridtly  fpeak- 
ing,  they  mutl  not  obferve  the  ratios  of  the  in¬ 
cumbent  weights,  even  for  a  little  change  ol 
weight;  hence  we  have  room  to  fufpecl,  that 
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rhis  amfe  alone  may  make  fome  alterations  in  the 
experiments  of  the  comprcfTion  and  dilatation  of 
air,  and  as  in  fuch  a  fluid  as  air,  compofed  of 
fpringy  particles,  there  may  be  forne  particular 
property  unknown  to  us,  which  may  hinder  its 
acting  after  the  fime  manner  as  other  fluids.  I 
have  endeavoured  to  make  fome  difeovery  here¬ 
of,  and  with  this  view  contrived  the  followins; 

•  .  •  ^ 
experiment,  which  tho’  it  bears  fome  refemblance 

to  the  former,  is  very  different  in  the  proportion 
of  the  tube  to  the  quantity  of  air  to  be  dilated  by 
tile  boiling  water, 

I  took  the  glafs  tube  ^  ABC,  bent  like  a  fy- 
phon,  one  branch  whereof  AB  was  1 5  inches 
long,  and  the  other  BC  only  8,  its  extremity  was 
drawn  into  a  capillary  lube  CF,  and  the  inner 
diameter  of  the  fyphon  was  ~  of  an  !nch. 

The  fyphon  being  inverted,  I  poured  mercury 
into  it,  which  riflng  equally  in  both  branches  of 
the  fyphon,  I  only  left  3  inches  height  of  air  in 
the  fliorter  branch,  viz.  from  D  to  C,  then  feal- 
ing  the  extremity  F  of  the  capillary  tube,  I  in- 
ftantly  plunged  the  tube  in  water,  which  I  made 
to  boil.  Upon  this,  I  found  that  the  mercury  in 
the  long  branch  AB,  only  rofe  i  inch,  8  lines  |- 
above  the  level  of  what  was  firfl  in  the  fhort 
branch  BC ;  but  the  mercury  now  fell  as  fall:  in 
the  fliort  branch,  as  it  rofe  in  the  long  one,  which 
was  open  a-top,  and  confequently  the  mercury 
rofe  3  inches,  5  lines ;  and  the  long  branch  above 
that  in  the  fhort  one ;  when  the  boiling  water  had 
dilated  the  air  contained  in  it,  the  barometer  then 
Ifood  at  28  inches,  3  lines,  and  the  thermometer 
at  36  degrees  f . 

Now  this  experiment  where  the  3  inches  height 
pf  air  contained  in  the  tube  BC,  reprefent  a  little 
Fig-  5:  ‘ 
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phial,  with  regard  to  the  large  tube  AB,  wherein 
the  mercury  rofe,  gives  nothing  like  what  wc 
learned  from  the  two  former  j  but  as  the  air  di¬ 
lated  by  the  boiling  water,  pofiefled  a  greater 
fpace  than  it  did  before,  which  \vas  not  found  in 
the  former  experiments,  it  could  not  here  fuftain  • 
fo  great  a  height  of  mercury,  as  it  did  there  ;  and 
if  we  enquire  by  the  rule  of  the  air’s  being  com- 
preflfed  in  the  reciprocal  ratio  of  the  weights,  what 
quantity  of  mercury  muft  be  added  to  the  long 
tube  AB  *,  to  reduce  the  air,  heated  or  dilated  by 
the  boiling  water,  to  its  former  bulk  of  3  inches,  ' 
we  fltall  find  upwards  of  2 1  inches  required  *,  for 
it  will  be  as  three  inches  of  air  contained  in  the 
tube  are  to  31  inches  8  lines,  which  is  the  weight 
of  the  atmofphere,  with  double  the  dilatation  of 
the  air  in  the'clofe  tube  ;  fo  are  4  inches  8  lines 
I,  which  is  the  whole  air  dilated  in  the  clofe  tube 
to  the  height  49  inches  8  lines  from  wheqee 
fubftradting  the  weight  of  the  atmofphere  2S 
inches,  3  lines,  and  likewife  the  fall  of  the 
mercury  in  the  clofe  tube,  which  is  i  inch,  8 
lines  Y,  the  remainder  is  19  inches,  9  lines,  the 
height  of  mercury  in  the  open  tube,  above  that 
in  the  other  tube,  required  to  reduce  the  air  in 
the  clofe  tube,  which  is  dilated  by  the  boiling 
water  to  its  firfi;  bulk  of  3  inches,  and  yet  it 
Ihould  only  be  about  9  inches  f,  which  is  j  of 
the  weight  of  the  atmofphere.  Hence  therefore  I 
learn,  that  the  quantity  of  the  inclofed  air,  upon 
which  the  boiling  water  abls,  may  occafion  a  great 
diverficy  in  the  refult  of  thefe  experiments,  and 
it  w’ould  even  feern  to  follow,  that  a  little  quan¬ 
tity  of  air,  dilated  by  boiling  w^ter,  becomes 
more  forcible  than  a  great  one. 

Another  experiment  I  made  with  regard  to  what 
yi.Nugmt  had  pqbliflied  in  the  Memoirs  de 
.  ’  voux 
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vcux  Otf.  1705,  obferving  what  M.  Amontons 
had  advanced  in  the  memoirs  ot  the  academy,  that 
the  air  is  dilated,  by  the  lieac  of  boiling  water, 
j  of  its  natural  bulk,  he  made  three  feveral  expe¬ 
riments  to  be  littistied  of  it. - By  the  firfl:, 

he  found  that  air  naturally  comprefled,  as  upon 
the  furfacc  of  the  earth,  is  dilated  by  boiling  wa¬ 
ter  in  fuch  manner,  that  the  fpace  it  now  poffclTes 
is  to  its  natural  fpace,  as  2  to  i,  or  4  to  2,  and 
not  as  4  to  3,  according  to  M.  Amontons  \  and 
he  obferves  very  judicioufly,  that  the  air,  in  his 
experiment,  v/as  not  dilated  to  its  utmoft  extent, 
by  reafon  part  ofthis  dilated  air  was  encompaffed 
with  cold  water,  but  makes  no  mention  of  ano¬ 
ther  caufe,  which  likewifc  prevented  its  dilating, 
the  weight  of  the  cold  water,  v/hich  had  rofe 
above  a  hole,  made  in  the  bottom  of  the  phial 
im merged  in  the  water. 

M.  Nuguet^s  fecond  experiment  was  fomewhat 
different  from  the  former  *,  and  by  this  he  found 
the  dilated  air  to  the  natural  air,  as  t6  to  i  ;  but 
as  he  does  r^ot  regard  the  height  of  the  water  in 
the  boiler,  whereby  the  air  v/as  dilated  by  means 
of  a  hole  at  the  bottom  of  the  phial,  fo  great  a 
dilatation  muft  necefiarily  have  enfued. 

His  third  experiment  likewife  gives  the  ratio 
of  dilated  to  natural  air,  as  1 6  to  i  *,  but  I  do  not 
conceive  how  he  could  make  it  after  the  manner 
he  relates ;  for  the  cold  water  no  fooner  enters 
the  phial  plunged  in  the  boiling  water,  than  the 
phial  fhould  break. 

He  obferves  upon  thefe  three  experiments,  that 
the  firft  is  very  v/ide  from  the  other  two,  which 
could  never  have  rofe  from  the  hngle  caufe  af- 
fjgned  by  him. 

The  laft  of  them  I  repeated  with  all  the  Vif- 
cumftance  he  mentions,  and  found  that  the  bulk 

of 
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of  the  air,  dilated  by  the  heat  of  boiling  water,* 
was  to  that  of  natural  air  as  5  to  2,  or  as  2  |  to  i 
nearly,  which  is  very  far  from  16  to  i,  as  found 
by  him. 

The  great  difference  among  thefe  experiments 
fhews,  that  there  are  fome  circumllances  not  at¬ 
tended  to,  which  may  produce  great  efieds  in  the 
nature  of  air,  and  that  we  mult  be  warned  elfc; 
from  drawing  any  general  conlequence  from  a  lew 
particular  obfervations,  and  condemning  others, 
drawn  from  obfervations  in  the  fame  cale  ;  what 
then  occurred  to  me,  as  to  the  reafon  ot  the  diffe¬ 
rence  between  M.  Nu^uel^s  obfervation  and  mine 

is  as  follows. - -  M.  Naguet  uitd  a  little  phial, 

which  only  held  2  ounces,  7  drachms  I  of  water, 
whereas  that  I  ufed,  held  25  ounces,  and  as  we 
can  never  judge  fo  well  from  an  experiment  in 
little  as  in  large,  there  might  fome  diverfity  arife 
from  this  quarter.  I  alfo  obferved  from  M.  Nu- 
guel^s  account  of  his  obfervations,  that  he  firft 
blled  his  phial  with  water,  and  then  emptying 
it,  put  it  in  the  boiling  water  to  dilate  its  air; 
now  the  little  water,  w'hidi  might  be  left  there¬ 
in^  being  raifed  into  bubbles,  which  would  be 
put  into  a  violent  motion  by  the  heat,  I  fan¬ 
cied,  might  not  only  extend  the  fprings  of  the 
air,  but  that  poffeffing  a  large  bulk,  they  might 
have  carried  off,  as  they  iffued  from  the  phial, 
moll  of  the  air  contained  therein  ;  as  we  find  in 
eolipiles,  which  blow  fo  vehemently  fur  a  con- 
fiderable  time,  till  no  more  water  is  Iclt  in  the  bowl. 
By  this  means  only  a  liulc  air  mull  have  been  left 
in  M.  Nugueth  phial  ;  whereas  that  which  I  ufed 
being  firft  well  dried,  the  heat  had  nothing  to 
a6l  on,  but  the  air  contained  in  it  ;  but  as  all  air 
abounds  more  or  iefs  with  watry  particles,  if  this 
effect  had  any  place  in  thefe  experiments,  we 
w'e  ftiould  always  find  great  differences  in  thofe 
3  '  made 


Royal  Academy  oj  Sciences.  i2r 

made  like  the  two  former  at  different  times, 
when  the  air  was  probably  more  replete  with  wa^ 
ter  at  one  time  than  another :  from  whence  thofe 
ofM.  Amontons  were  exempted,  by  reafon  they 
were  made  with  three  different  phials  at  the  fame 
time.  This  induced  me  to  believe,  that  the  moif- 
ture  of  the  air,  when  heated  by  boiling  water, 
might  poffibly  make  confiderable  differences  as 
to  the  dilatation  of  the  air,  tho’  it  could  not  get 
out  of  the  phial,’  as  being  retained  by  the  mer¬ 
cury. 

But  being  aware  how  wide  our  reafonings  fre¬ 
quently  are  from  the  truth  in  phyfical  matters,  I 
refolved  to  repeat  the  experiment  I  had  made  upon 
the  dilatation  of  air  by  boiling  water  in  a  phial,  and 
immediately  after  to  make  another  with  the  fame 
phial,  with  a  little  water  in  it,  either  to  confirm' 
or  overthrow  the  notion  I  had  conceived  about 

the  difference  between  our  experiments. - 

Accordingly  the  i8th  of  July^  ^708,  the  baro¬ 
meter  {landing  at  28  inches,  and  the  thermome¬ 
ter  at  55  degrees,  which  in  the  vaults  of  the  ob- 
fervatory  flood  at  48.  The  wind  being  wefterly 
and  very  moifl  with  a  little  rain,  I  took  a  new  glafs 
phial,  as  dry  as  the  conflitution  of  the  air  would 
allow  of,  and  weighing  it,  found  it  6  drachms  f  ; 
then  flopping  it  well  with  a  cork,  thro*  which  I 
had  put  one  of  the  legs  of  a  fmall  glafs  fyphon,  I 
cemented  it  well  to  the  cork  with  fealing-wax, 
leaving  the  other  leg  of  the  fyphon  on  the  out- 
fide.  This  phial  I  put  in  cold  water,  holding 
it  down,  fo  as  both  the  cork  and  the  fyphon 
were  immerged,  taking  care  only  to  fink  the 
rrouth  of  the  phial  a  little  below  the  furftce  of 
the  water,  for  fear  the  water  fhould  make  way 
by  its  weight  into  the  phial. 


VoL.in.  27. 
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This  water  being  placed  over  a  good  fire,  I 
prefently  perceived  a  multitude  of  little  bubbles 
begin  to  arife  from  the  end  of  the  fyphon,  which 
iliewed  that  the  air  in  the  phial  was  beginning  to 
dilate,  and  ifilie  at  the  end  of  the  fyphon,  by 
the  heat  it  had  conceived  from  the  fire  *,  but  as 
the  water  heated  more  and  more,  the  air  bubbles 
rofe  from  the  fyphon  with  niore  precipitation, 
which  continued  till  fuch  time  as  the  water  boiled 
out  right,  w'hen  there  were  bubbles  flill  feen  to 
arife,  tho’  much  lefs  than  before. 

After  the  water  had  boiled  fome  time,  1  took 
it  otf  the  fire,  keeping  the  end  of  the  phial  and 
fyphon  flill  under  water,  that  as  the  water  in  the 
copper,  and  the  air  in  the  phial  fhould  come  to 
cool,  no  particle  of  air  might  get  into  the  phial, 
cither  by  the  fyphon,  or  any  little  pores,  that 
might  be  found  in  the  cork  and  to  fhorten  the 
operation,  1  laded  fome  of  the  hot  water  off,  and 
fupplied  its  place  with  cold,  which  was  conti¬ 
nued  till  the  water  was  entirely  cooled  ;  then 
taking  the  phial  out,  I  found  a  good  deal  of  wa¬ 
ter  had  entered  it,  while  we  were  waiting  for  the 
cooling,  and  as  a  mark,  that  the  air  left  in  the 
phial,  w'as  of  the  fame  denfity  as  the  external  air, 
a  little  water  was  left  in  the  part  of  the  fyphon, 
which  traverfed  the  cork,  and  was  fufpended 
and  counterbalanced  within  the  air  in  the  phial 
and  the  external  air. 

Taking  out  (he  cork  therefore  and  the  fyphon, 
and  wiping  the  phial  well  on  the  outfide,  1  found 
it  weigh  with  the  water  in  it  4  ounces,  2  drachms, 
then  filling  it  with  water  to  the  height,  whereat 
the  bottom  of  the  cork  had  been,  which  was  e- 
qual  to  the  1  ulk  of  air  it  contained  when  I  put  it 
in  the  water,  1  found  it  weigh  5  ounces,  2 
drachms  j  io  that  the  air  left  in  the  phial,  was 

equal 
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equal  to  an  ounce  of  water,  and  from  5  ounces, 

2  drachms,  the  weight  of  the  water  in  the  whole 
phial,  with  the  phial  itfelf,  fubftradling  theweight 
of  the  phial  6  drachms  as  I  found  it  at  firll. 
The  remainder  is  35  drachms  f,  which  is  equi¬ 
valent  to  the  whole  air  in  the  phial,  when  I  put 
it  in  water. 

Hence  I  infer,  that  the  whole  air  of  the  phial, 
naturally  compreffed  by  the  weight  of  the  at- 
mofphere,  was  to  that  which  remained  after  its 
dilatation  by  boiling  water,  as  35  -f-  to  8,  which 
is  fomcwhat  lefs  than  4  f  to  i.  Yet  is  this  di¬ 
latation  much  greater  than  what  I  had  found  be¬ 
fore,  which  was  only  as  2  I  to  i  :  hence  as  the 
air  was  very  moift  in  this  laft  experiment,  I  had 
reafon  to  imagine,  that  the  particles  of  water 
diffufed  thro’  the  air,  might  be  the  occafion,  as 
I  had  before  fufpedfcd  of  this  extraordinary  dila¬ 
tation  *,  for  further  fatisfacdiion  therefore  I  in-  ' 
ftantly  proceeded  to  my  laft  experiment,  as  I 
had  before  refolved. 

I  poured  the  water  out  of  the  phial,  and  con¬ 
tenting  myfelf  to  fhake  it  well  without  drying,  I 
weighed  it  as  before,  and  found  it  6  drachms  j-y 
and  1 1  grains  *,  fo  that  there  were  1 1  grains  of 
water  flicking  to  its  infide,  then  fitting  in  the 
cork  and  fyphon,  I  repeated  the  experiment  as 
before,  without  omitting  the  leaft  circumftance. 
The  refult  was,  that  the  phial  was  found  quite  full 
of  water,  and  that  the  ratio  of  the  capacity  of  tlie 
phial  to  the  remaining  part,  not  pofiefTed  by  the 
water,  was  as  35  |  to  1,  as  I  found  by  weighing 
as  before.  Hence  I  can  no  longer  make  any 
doubt,  but  that  a  little  more  or  lefs  water  in  the 
air,  may  occafion  great  variations  in.  thefe  expe¬ 
riments,  fince  bare  1 1  grains  of  water  in  the  pre- 

M  2  feat 
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fent  one,  produced  an  effedl  8  times  greater  than 
in  the  former  experiment. 

But  tho’  the  phyfical  account  fhould  be  difal- 
lowcd,  yet  the* experiments  will  ftill  ftand  incon- 
teftable,  whereby  fuch  different  dilatations  of  air 
by  boiling  water  are  produced  ;  fo  that  we  may 
at  leaf!:  infer  hence,  that  no  exadl  ftandard  of  heat 
over  the  whole  earth  can  be  had  by-  this  method, 
not  even  with  ufing  phials  and  tubes,  like  that  I 
firft  ufed,  and  which  differs  but  little  from  thofe 
Amoyitons^  which  are  hardly  portable.  ' 

Upon  the  whole,  were  it  not  better,  in  lieu  of 
this  contrivance,  to  fubflitute  good  fpirit  of  wine 
thermometers,  all  graduated  alike  by  careful  expe¬ 
riments,  without  minding  thole  equal  divifions 
commonly  placed  on  them,  which  are  of  no  fer- 
vice  for  making  an  exadl  comparifon  ;  fince 
•there  is  no  knowing  whether  the  infides  of  the 
tubes  thro*  their  whole  length,  nor  the  propor¬ 
tion  of  the  bowl  to  the  tube  ?  All  required  to 
this  end,  is  to  make  feveral  luch  thermometers 
nearly  alike,  and  plunge  them  all  into  frozen  wa¬ 
ter,  leaving  them  fome  time  therein,  and  then 
marking  the  height  of  the  liquor  in  each  tube,  the 
other  divifions  may  be  made  after  the  fame  man¬ 
ner,  by  warming  the  water  gradually,  and  im- 
merging  all  the  thermometers  in  it,*  care  mull  be 
taken  withal  to  mark  a  point,  which  may  be 
called  the  mean  degree  between  heat  and  cold  ; 
as  that  where  the  fpirit  of  wine  flands  in  the 
tubes  in  the  vaults  of  the  obfervatory,  where  it 
continues  alike  all  thefeafonsof  the  year.  Hence 
we  might  alfo  learn,  whether  the  deep  mines  and 
caverns  of  other  countries,  where  the  tempera¬ 
ture  of  the  externa]  air  cannot  reach,  afford  the 
fame  degree  of  heat  as  ours,  and  whether  the 
differences  of  foil  occafion  any  variation  therein. 
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V.  Reflexions  on  fome  obfervations  of  the 
variation  of  the  needle^  made  in  a  voyage 
to  the  South-fea,  aboard  the  fjip  Maure- 
pas,  by  M,  de  la  Verune,  commander  of 
the  faid  Jhip^  with  fome  remarks  on  the  na^ 
vigation  of  the  coafts  of  America  a72d  Terra 
del  Fuego,  by  M,  Caffini  jun  *3  tranfated 
by  Mr,  Chambers. 

The  abbot  Bignon  has  lately’  given  us  the  ob¬ 
fervations  .of  the  variation  of  the  needle,  made  in 
the  fhip  Maurepas  in  its  voyage  to  South-feay 
in  the  year  1706,  1707,  and  1708,  wherein  care 
is  taken  to  note  that  the  longitudes  are  reckoned 
from  the  meridian  of  the  pike  of  leneriffy  which 
gave  us  an  opportunity  of  comparing  them  with 
the  variations  laid  down  in  Dr.  Halley*^  chart. 

Thefe  obfervations  being  very  numerous,  we 
fhall  content  ourfelves  to  give  the  refult ‘thereof, 
and  only  notefuch  as  were  made  near,  or  in  fight 
of  any  iflands,  orcoafl,  and  which  will  admit  of 
an  exad:  comparifon. 

On  the  27th  of  1706,  at  345^ - 

44Mongitude,  and  20^ — 44' fouth  latitude,  near 
the  iQand  of  Afeenfiony  the  variation  was  found 

7*^ - 30' north-eaft.  In  Dr.  the 

variation  at  this  place  is  fome  what  above  f - 

north-eaft. 

In  'December y  1707,  at  297*^ - i2Mongi- 

tude,  and  56^ — 6 - fouth  latitude,  near  the 

iQand  of  the  Hermity  the  variation  was  found 

20^ - : —  north-eaft  ;  where  in  Dr.  H alkyls 

chart  it  is  20^—7—30' - north-eaft. 

At3io‘^ - 30' - long,  and  52^ - 19' - 

fouth  lar.  near  the  iQands  of  Sebalty  the  variation 

*  July  21,  1708. 


was 
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was  found  23® - north-eaft.  In  the  chart  it 

is  2 1  ^ — 30' —  north-eaft. 

In  the  other  parts  of  his  courfe,  both  going  and 
•returning  from  Cape  Horn  to  the  equinodtial,  the 
variations  obferved,  commonly  agree  with  thofe 
.in  the  chart  within  a  degree. 

As  to  the  variations  in  the  South-f^a^  Dr.  Hal¬ 
ley  has  not  laid  them  down  in  his  chart,  for  want 
of  obfervations  of  them  ;  for  which  reafon  I  have 
endeavoured  to  fupply  in  fome  meafufe  that  de- 
fedl,  by  drawing  lines  to  fhew  the  degrees  of 
variations,  from  the  obfervations  made  along  the 
weftern  coaft  of  America.  The  obfe  vations  I 
chiefly  make  ufe  of,  were  made  near  the.  coafts, 
which  I  fhall  here  relate,  according  to  the  order 
of  the  latitudes. 

In  Augujl.,  1 707?  300^ — to' - longitude, 

and  13^ - 6' —  fouth  latitude,  near  the  point 

CanetUy  and  that  of  Sl  Galland^  the  variation 
was  found  - north-eaft. 

At  297^ - 27' -  long,  and  14^ — - - 

fouth  latitude,  near  PifcOy  the  variation  was 
found  7^ - north-eaft. 

At  297^ - 30' — long,  and  31^ - 49' - - 

fouth  lat.  near  ValpareTye.,  the  variation  was  found 
8^ — — '  north-eaft. 

At  299® - 25^ - long,  and  36^ - 30' — 

fouth  lat.  near  the  Conception.^  the  variation  was 
found  10^ - north-eaft. 

From  thefe  obfervations  it  appears,  that  the 
variation  of  the  needle  increafes  along  the  wef¬ 
tern  coaft  of  America.^  as  the  fouthern  latitude  in¬ 
creafes,  which  is  further  confirmed  by  feveral 
obfervations,  made  at  a  little  diftance 'from  this 

coaft. - For  at  the  latitude  of  44^ — 49' — 

the  variation  was  found  12^  north-eaft. 


At 
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At  the  latitude  of  48^ — 58' —  the  variation 
was  found  13^ - north-ead. 

At  the  latitude  of  53^ — 37' — the  variation  was 
found  15^ — north-eaft. 

And  at  the  latitude  of  56® - 42' —  the  varia¬ 

tion  was  found  17^ — north-eaft. 

In  other  parts  of  the  fhip’s  courfe,  where  it 
appears  by  the  longitude  exprefted,  that  it  was' 
feveral  degrees  diftant  from  the  coafts,  the  varia¬ 
tion  is  laid  down  differently  under  the  fame  pa¬ 
rallels,  which  may  ferve  in  fome  meafure  to  de¬ 
termine  the  diredlion  of  the  lines  of  variation, 
which  we  hope  to  be  enabled  to  redlify  by  the 
obfervations  that  fhall  hereafter  be  communica¬ 
ted  ;  for  befide  that  there  are  feveral  of  thele 
obfervations,  which  it  is  very  difficult  to  recon¬ 
cile,  we  ffiould  have  feveral  made  at  different 
diftances  from  the  coafts,  ere  we  can  pretend  to 
determine  the  direction  of  thofe  lines  with  any 
'precifion. 

I  ffiall  here  add  fome  obfervations  of  the  varia¬ 
tion  delivered  by  Dampier^  in  his  voyage  round 
the  world. 

At  the  iftands  of  Schalt^  which  he  cdXhSible  de 
Ward^  and  defcribes  them  as  3  iftands  fituate  at 
5 1 9 — 2 5^ —  fouth  latitude,  he  found  the  variation 
in  the  year  1683,23^ — 10' — north-eaft.  I  have 
already  mentioned,  that  the  variation  was  found 

near  thefe  iftands  23^ - d' —  in  the  year  1707, 

whence  it  appears  that  there  has  been  no  fenfible 
difference  in  the  variation  during  the  fpace  of  24 
years,  which  feems  to  confirm  what  we  have 
elfewhere  obferved,  that  at  Cape  Horn  the  varia¬ 
tion  has  not  altered  in  the  fpace  of  100  years. 

At  47^ — 10' —  latitude  in  tht  Soutb'fea^  Danu 
pier  found  the  variation  1 5^ — 7  north-eaft. 


And 
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And  at  the  latitude  of  36^ - he  found'  the  va¬ 
riation  8^' - north-eaft. 

By  which  lafl  obfervations  it  appears,  that  in 
the  Soulh'fea  near  the  weftern  coafls  of  America^ 
the  variation  continually  increafes,  as  you  recede 
from  the  equinodlial,  agreeably  to  what  we  have 
already  infered  from  other  obfervations. 

To  thcfe  obfervations  of  the  needle,  M.  Clal* 
rambauty  who  fent  them  to  the  count  de  Pont- 
chartrane^  has  joined  fome  remarks  on  the  navi¬ 
gation  of  the  eaftern  coafts  of  South  America  and 
^Terra  del  Fuego^  made  by  N[,de  la  Verune  *,  which, 
together  with  a  particular  map  of  thofe  countries, 
which  he  has  promifed  to  fend,  may  fervc  to  rec¬ 
tify  feveral  fea-charts,  wherein  he  finds  the  ifiands 
about  Cape  Horn  prepofteroufly  placed. 

H  is  firft  remark  is,  that  the  coafts  from  Cape 
St,  Anthony,^  at  the  mouth  of  the  river  de  la  Pla¬ 
ta  to  the  ftraits  of  Magellan  are  laid  down,  a 
point  of  the  compafs  more  eafterly  than  they 
really  are. 

Healfo  obferves,  that  the  diftance  between  the 
ftraits  of  Magellan  to  the  ftraits  of  le  Maire^  as 
well  as  the  fituation,  are  very  ill  exprelTed  in  the 
common  charts ;  for  by  his  account,  thofe  two 
ftraits  are  55  or  56  leagues  diftant,  and  that  of  le 
Maire  is  fituatc^to  the  north- weft  5^ —  north  of 

the  ftraits  of  Magellan, - But  it  may  be 

here  obferved,  that  in  Dr.  Halley's  chart,  printed 
in  1 700,  and  M.  Delijle's  chart  of  the  ftraits  of 
Magellan,^  printed  in  1703,  thofe  two  ftraits  are 
laid  down  very  agreeably  to  his  obfervations. 

He  alfo  obferves,  that  the  Terra  del  Fuego  is 
not  near  fo  large,  nor  fo  much  fouthern  as  was 
imagined  ;  and  adds,  that  Cape  Horn,^  which  the 
common  charts  place  57^ — 40' —  fouthern  lati¬ 
tude,  is  only  55^ - 40' fouthern  latitude. 
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He  adds,  that  the  iflands  of  Barnevelt^  which 
the  charts  place  in  the  fame  latitude  with  Cape 
Horn^  are  fituate  weft-north-weft  of  that  Cape  in 

56^ — 35' - latitude. - In  which  he  like  wife 

agrees  pretty  nearly  with  chart  above- 

mentioned. 

He  further  obferves,  that  the  iftands  of  Barne^ 
•veh  are  the  moft  fouthern  lands ;  and  that  there 
is  no  danger  in  palling  between  thofe  iftands  and 
Capellorn.  Thediftance  from  theftraitsof/^ 
to  Cape  Horn^  which  is  eaft-north-eaftwards  of 
that  ftrait,  he  obferves  is  80  leagues,  which  a- 
grecs  very  well  with  the  diftance  expreflfed  in  Dr. 
Halley\  chart ;  but  much  exceeds  that  in  M. 
Delijle^s, 

After  doubling  Cape  Horn^  there  is  no  far¬ 
ther  difficulty,  the  charts  being  all  good,  as  well 
as  the  coafts  found,  and  the  weather  moderate  a- 
long  Chili  and  Peru. 

M.  de  la  Verune  makes  feveral  other  curious 
and  ufeful  obfervations  on  the  navigation  of  thefe 
feas  ;  he  points  out  the  favourable  fealbn  for  paf- 
fing  Cape  Horn.,  and  how  to  behave  both  in  go¬ 
ing  and  returning.  The  iftand  Hermit  he  places 
24  or  25  leagues  from  this  Cape  eaftward,  in 
the  fame  latitude,  and  makes  it  18  or  20  leagues 
in  compafs.  He  alfo  determines  the  fituation  of  the 
iftand  Sebalt^  whofe  eaftern  point  is  fituate  N.N.E. 
of  the  ftraits  of  le  Maire.,  at  about  55  leagues 
diftance  *,  and  he  takes  them  to  form  a  kind  of 
archipelago.  At  his  return  he  faw  them  very  di- 
ftindlly,  and  found  their  fituation  very  different 
from  what  is  commonly  fuppofed.  He  gives 
them  an  extent  of  55  or  60  leagues,  and  notes 
that  to  avoid  them,  they  are  obliged  to  range  the 
Terra  del  Fuego.,  or  to  make  a  large  circuit, 
when  the  wind  does  not  allow  it.  Laftly,  he  ob- 
VoL.  III.  N".  27.  N  ferves, 
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fcrves,  that  the  lands  of  Brazil  are  laid  down 
more  eaherly  than  they  really  are,  by  which 
means  all  the  fhips,  which  go  from  the  ftraits  of 
Magellan  or  le  Maire^  find  on  their  arrival  at 
Brazil  an  error  of  fome  200  leagues. 


VI.  ConjeEliires  on  the  fofttion  of  the  if  and 
of  Mcroe,  by  M\  Dclifle 

In  fall  Ethiopia^  which  is  a  country  of  very 
great  extent,  there  is  nothing  more  celebrated  a- 
mong  the  ancients  than  the  ifland  of  Merce^  nor 
any  thing  fo  difficult  to  find  among  the  moderns, 
or  that  they  lefs  agree  in.  If  what  the  ancients 
have  faid  -of  it  be  true,  this  ifland  could  arm 
250,000  men,  and  maintain  400,000  artificers. 
It  contained  a  great  number  of  cities*,  the  chief 
of  which  was  that  of  Merce^  which  has  commu¬ 
nicated  its  name  to  the  ifland,  and  ferved  for  a 
refidence  to  the  queens,  regia  ^  metropolis  M- 
thiopiim.  I  fay  to  the  queens,  becaulc  it  feems 
the  women  reigned  in  this  country  to  the  exclu- 
fion  of  the  men.  In  the  time  of  ylugufttis^  it 
was  a  princefs  with  one  eye  indeed,  but  of  a  maf- 
culine  courage,  virilis  fane  mulier^  fed  altcro  0- 
culo  capla.  She  made  an  irruption  into  Egypt^ 
which  at  that  time  belonged  to  the  Romans^  but 
was  obliged  to  fend  ambaffadors  to  Augvftus,  At 
the  death  of  our  faviour,  there  reigned  another, 
one  of  whofe  eunuchs  was  baptized  by  St.  Philips 
as  may  be  feen  in  the  A5ls  of  the  apojiles.  When 
Nero  lent  fome  of  his  guards  into  this  country, 
to  fearch  for  the  fources  of  the  Nile^  it  was  alfo 
a  princefs  that  reigned  there,  and  all  thefe  three 
were  called  Candace  *,  but  we  fee  by  a  paflage  of 
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Pliny ^  that  this  name  was  for  a  long  time  be¬ 
come  common  to  the  queens. 

If  hiftorical  differracions  were  fuffered  here,  in- 
ftead  of  reciting  only  phildfophical  and  mathema¬ 
tical  difculTions,  we  fliould  relate  what  Diodorus 
and  other  authors  have  written  to  the  advantage 
of  this  ifland  ;  but  we  mull  pals  to  the  difficulty 
that  there  is  to  difcover  it  in  the  modern  geo- 
graphy. 

This  difficulty  proceeds  a  little  from  the  me¬ 
moirs,  that  we  have  upon  Ethiopia  ;  for  we  mull 
not  hope,  that  without  a  reafonable  knowledge  of 
the  prefent  Hate  of  the  world,  we  can  make  the 
relation  of  the  ancient  geography  to  the  new. 
When  they  fiiil  began  in  Europe  to  have  com¬ 
merce  with  the  kings  of  Ethiopia^  there  were 
fome  writers  of  no  veracity,  who,  upon  flight 
informations,  faid  many  things  far  from  the 
truth,  which  threw  the  world  into  numberlefs 
errors,  from  which  we  have  hardly  yet  been  able 
to  recover  ;  and  it  is  upon  the  credit  of  thefe 
v/riters,  that  fuch  wretched  maps  have  been  made, 
and  that  thefe  places  have  been  lb  many  ways  dif- 
figured,  that  an  ambalTador  of  the  king  of  Ethi¬ 
opia  fiid,  in  Egypt ^  to  young  ‘Thevenot^  that  our 
, geographers  had  filled  their  country  with  mon- 
llers  and  chimeras. 

It  is  true,  that  the  jefuits,  who  have  been  pretty 
long  in  this  country,  have  given  us  better  infor¬ 
mations  of  it,  and  have  made  a  map  upon  the 
fpoc  very  different  from  thofe  made  in  Europe, 
Befides  F.  Balthazar  Pellez,^  F.  Nicolas  Godinho^ 
M.  Ludolf^  and  others  have  given  us  defcriptions 
of  the  country  upon  much  furer  memoirs  ;  but 
they  have  only  defcribed  that  part  of  Ethiopia,, 
which  we  call  Abvjfmia,,  and  not  that  which  we 
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call  Nuhia  %  and  yet  this  was  neceflary  to  enable 
us  to  decide  the  queftion  with  any  perfpeduity. 

I  fhall  not  therefore  undertake  here  to  decide  it; 
but  the  memoirs  that  1  have  received  from  that 
country  under  the  protedfion  of  M.  le  Comte  de 
Pontchartrain^  enabled  me  to  propofe  at  leaft 
fome  conjedlures.  M.  du  Roiile^  the  king’s  en¬ 
voy  into  Ethiopia^  as  well  to  obey  the  orders  of 
the  minifter,  as  to  acquit  himfelf  with  more  ho¬ 
nour  of  the  glorious  employment,  with  which  his 
>lTiajefty  had  honoured  him,  had  taken  in  Egypt 
all  the  information  necelfary  for  the  road  he  was 
to  go,  which  was  none  of  the  leaft  difficult  parts 
of  his  commiffion.  He  had  made  a  defeription 
of  Nnbia,  and  of  the  courfe  of  the  Nile^  upon 
the  depofition  of  many  Scheicks^  or  chiefs  of  fa¬ 
milies,  who  had  travelled  15  or  20  times  into 
Ethiopia^  as  well  by  the  Nilc^  as  through  the  dc- 
ferts.  He  did  me  the  favour  to  communicate  to 
me  what  he  had  learned  ;  and  it  is  upon  his  me¬ 
moirs  that  I  ffiall  propofe  my  conjedlures. 

The  ifland  of  M-erce  was  indubitably  upon  the 
Nile.  The  fource  of  the  A^/7^,  which  was  fo 
long  fought  for  in  vain  by  the  ancients,  is  in  12^ 
of  north-latitude.  Its  catarads,  a  little  lefs  cele¬ 
brated,  but  much  better  known  than  its  fource, 
are  23^  |,  and  it  is  certainly  between  thefe  two 
points,  that  the  ifland  of  Meroe  muft  be. 

The  ancients  have  faid,  that  this  ifland  was 
formed  by  the  coricourfe  of  the  Aliaboras  and  the 
Nile.^  and  by  another  river  named  AJlape^  which 
falls  in  like  manner  into  the  Nile.  That  this 
ifland  was  terminated  on  the  weft  by  the  Nile^ 
and  was  bounded  on  two  other  Tides  by  the  Ajiape 
and  AJlaboras ;  which  fhews  that  it  was  but  im¬ 
properly  called  an  ifland,  fince  it  was  not  inclofed 

on 
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on  all  Tides,  and  it  muft  be  like  that  which  we 
call  here  de  France. 

Notwithftanding  To  formal  a  defcription,  Mer- 
cator  and  Ortelius  have  reprefented  the  ifland  of 
Meroe.,  as  formed  by  two  arms  of  the  Nile,  and 
called  it  Gueguere  ;  and  almoft  every  body  have 
Tuffered  themfelves  to  be  carried  away  by  the  au¬ 
thority  of  thefe  two  geographers,  upon  whofe 
credit  they  boldly  pronounce,  that  the  ifland  of 
Meroe  is  now  known  under  the  name  of  Gueguere. 
Neverthelefs  the  iflands  that  are  formed  by  the 
Nile  alone  above  the  catara6ts  are  all  fmall,  which 
cannot  agree  with  what  we  have  faid  of  the 
largenefs  of  that  of  Meroe ^  nor  with  the  number 
of  its  cities  and  inhabitants,  and  befides  there  is 
not  one  that  approaches  to  that  of  Gueguere. 

Thejefuits,  who  have  been  m  Ethiopia^  are 
perfuaded  that  the  ifland  of  Meroe  is  nothing  dfc 
but  the  kingdom  of  Gejame^  which  is  almofl:  en¬ 
tirely  inclofed  by  the  river  Nile^  in  the  manner  of 
a  peninfula^  as  may  be  Teen  in  the  map ;  but 
this  peninfula^  which  makes  the  kingdom  of  Go- 
jarne.,  is  formed  only  by  the  Ntle^  not  by  the 
Aftape.,  nor  by  the  AfiaboraSy  I  mean  not  by  any 
river  that  could  be  fuppofed  to  be  the  Aftape  and 
the  Aftahorasy  which  is  contrary  to  the  defcrip¬ 
tion  which  the  ancients  have  given  of  it.  Befides 
the  city  of  Mcroey  the  capital  of  this  ifland,  muft  s 
have  been  placed  between  the  16  and  17th  de¬ 
gree  of  north  latitude,  as  fliall  be  hereafter  Ihewn  ; 
and  the  kingdom  of  Gojame  does  not  go  beyond 
the  13th  degree.  In  fhort,  if  that  which  we  now 
call  the  kingdom  of  GojamCy  had  been  the  ifland 
of  Merocy  fo  known  by  the  ancients,  would  they 
not  alfo  have  known  the  fources  of  the  JVi/e, 
which  are  without  difpute  in  the  middle  of  this 
kingdom? 
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Ifaac  Vojfius^  of  the  royal  fociety  of  E^igland^ 
is  one  of  thofe  who  latelv  has  laboured  the  moft 
ufefully  at  geography  ;  and  alcho*  his  pretended 
reformation  of  the  longitudes  has  done  him  no 
honour,  he  has  neverthelefs  made  excellent  in¬ 
quiries  in  thefe  geographical  works.  He  pre¬ 
tends  that  the  peninj'ula^  made  by  the  river  Ma^ 
reh  on  the  fide  of  its  fource,  by  a  circuit  almoft 
equal  to  that  which  the  'Nile  makes  about  the 
kingdom  of  Gojame^  is  the  ifland  that  we  fearch 
for ;  but  befides,  that  this  ifiand  is  formed  only 
by  one  fingle  river,  and  not  even  by  the  Nile^ 
contrary  to  what  the  ancients  have  faid  of  it,  this 
peninfuLi,  formed  by  the  Mareb^  has  neither  the 
extent  nor  the  fituation  that  the  ancients  have 
'given  to  the  ifland  of  Merc'i.  And  what  abfo- 
lutely  deftroys  this  opinion  is,  that  the  city  of 
Meroe\  the  capital  of  the  idand,  was  upon  the 
Nile  ;  and  that  the  ifiand,  or  peninfula  of  Ala- 
reb^  is  very  difbanc  from  it. 

Cellarius^  whofe  geographical  works  are  now 
flimous  among  the  learned,  has  colletflcd  in  his 
ufual  manner  all  that  the  ancients  have  laid  of  the 
ifiand  of  ^Aerce  ;  but  he  does  not  give  any  intel¬ 
ligence  of  the  prefect  ftate  of  that  country,  with¬ 
out  which  we  cannot  conclude  any  thing*,  he  only 
feems  to  approve  the  opinion,  which  confounds 
the  kingdom  of  Gcjame  with  Alcrct\  which  I 
have  juil  refuted. 

F.  'Tellez^  ajefuir,  after  having  well  confidercd 
all  that  the  milTionaries  of  his  fociety  have  writ¬ 
ten  upon  Ethiopia^  is  perfuaded,  that  this  is  an 
imaginary  ifiand.  If  I  had  believed,  that  fuch 
an  opinion  could  make  any  imprefiion  upon  one’s 
mind,  I  would  begin  by  refuting  it  ;  for  it  is 
ufelefs  to  rcafon  upon  a  thing  that  is  not,  or  at 
lead:  whole  ex iftence  is  doubtful :  but  it  is  Itrai^.ge 
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that  any  one  can  doubt  of  the  exiftence.of  the 
ifland  of  Meroe^  after  what  has  been  noted,  by 
the  ancients , with  relation  to.it.  Pliny  affirms, 
that  Simonides  ftayed  there  5  years ;  and  that  af¬ 
ter  him  Ari floor  eon,  Bion  and  Bafilis  have  de- 
fcribed  its  length,  breadth  and  diftance  from  the 
city  of  Syene  and  the  Red-fea,,  its  fruitfulnefs, 
capital  city,  and  have  even  related  the  number 
of  its  queens. 

Ltidolf,,  who  has  not  been  able  to  find  this^ 
ifland,  any  more  than  F.  Tellez,,  has  not  how¬ 
ever  doubted  but  that  in  fome  meafure  it  exiftcd 
but  he  pretends,  that  it  muft  be  fought  for  more 
to  the  weft  than  has  yet  been  done,  and  that  it  is- 
amono;  the  countries  to  which  we  do  not  tra veli 
That  if  after  all  the  inquiries  that  fhall  be  made^ 
it  is  not  found,  wc  may  fay  that  fomc  arm  of 
the  Nile  is  dried  up,  and  that  this  is  the  reafora 
that  we  cannot  difcover  it :  but.  this  author  is  not 
aware,  that  thofe  who  have  lately  travelled  over 
Ethiopia,,  have  long  coafted  the  Nile,,  and  that 
they  muft,  on  the  contrary,  have  left  the  ifland 
of  Merce  to  the  eaft,  fince  the  Nile  bounded  id 
on  the  weft  ;  and  that  thus  it  muft  be  looked  for 
to  the  eaft  and  not  to  the  weft,  as  be  fays.  And 
as  to  the  rivers  drying  up,  I  own  that  there  are 
many  of  them  in  Africa,,  wdiich  having  flowed 
fome  time  through  fands  or  fpongy  grounds, 
weaken  infenfibly,  and  at  laft  difippear  •,  but  we 
do  not  put  the  Nile  nor  the  Aflahoras  in  the  num¬ 
ber  of  thefe  rivers  ;  and  the  power,  or  rather  the 
licence  of  geographers,  altho’  great,  does  not  go 
fo  far  as  to  dry  up  rivers  of  this  confequence. 

Since  therefore  we  muft  find  the  ifland  of  Me- 
roe,,  and  as  it  is  the  duty  of  a  geographer  to 
make  the  parallel  of  the  ancient  geography  with ' 
the  new,  we  may  conjedure,  that  it  is  this  fpace 

of 
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of  ground  which  is  between  the  Nile  and  the  ri¬ 
vers  Tacaze  and  Dender  ;  and  1  am  going  to  en¬ 
deavour  to  eftablifli  this  conjedure  by  the  fitua- 
tion  of  this  country,  which  appears  to  me  con¬ 
formable  to  that  which  the  ancients  have  given 
to  the  ifland  of  Meroe,  by  the  rivers  of  which  it 
is  formed,  by  its  extent,  by  its  figure,  and  by 
fome  other  fingularities  common  to  the  ifland  of 
Meroe^  and  to  the  country  'I  have  juft  pointed 
out. 

The  fituation  of  a  place,  or  country,  is  pro¬ 
ved  by  the  degree  under  which  it  is  fituated  ;  and 
by  the  diftance  of  this  place,  or  country,  from 
other  places  that  are  known  to  us.  The  city 
which  is  the  moft  known  of  all  thefe  countries  is 
the  city  of  Syene :  the  latitude  of  it  is  not  at  all 
doubtful ;  and  this  is  a  fixed  point,  from  which 
we  may  without  fear,  meafure  the  places  about 
it.  Pliny  ^  affirms,  that  on  the  day  of  the  fummer 
folftice  at  noon,  bodies  do  not  make  any  ffiadow ; 
and  for  a  proof  of  it,  they  have  caufed  a  well  to 
be  digged,  which  at  that  time  is  quite  light.  In 
Syene  oppido^  foljlitii  die  medio^  >nillam  umhram 
jaci^  puteumque  ejus  experimenti  gratia  fa^fum, 
totum  illuminari.  Straho  has  faid  the  fame  things 
in  other  terms,  which  ftiews,  that  the  city  of 
Syene  is  juft  under  the  tropick  of  Cancer^  at  23^  y 
of  north  latitude.  Now  froinSyeney  to  the  city  of 
Meroe^  according  to  the  fame  author,  were  rec¬ 
koned  5,000  ftadia^  in  going  toward  the  fouth  ; 
and  thefe  5,000  ftadia  reckoned  in  aftronomical 
meafures,  make  7  degrees  of  a  great  circle,  and 
give  the  pofition  ot  the  city  ol  Meroe^  at  15^  y 
Irom  the  equator. 

'I'his  pofition  of  the  city  of  Meroe^  which 
agrees  pretty  juftly  with  that  which  Ptolemy  gives 
it  in  the  4rh  book  of  his  geography,  is  alio  con- 
^  Lib.  11.  cap.  73.  firmed 
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firm’d  by  another  pafTage  in  Pliny^  who  fays, 
that  tlie  city  of  Merc'i  has  no  fhadow  at  all,  any 
nior€  than  that  of  Syens  *,  and  that  this  happens 
twice  in  the  year,  when  the  fun  is  in  18"^ 
rus^  and  1 4^  of  Leo.  In  Meroe,  qua  eft  caput 
gentis  ^thiopum,  bis  in  anno  abfumi  umbras^ 
foie  duodevicejfimam  L auri  partem.,  (ft  quart  am  de- 
cimam  Leonis  obtinente.  Now  it  is  certain,  that 
when  the  fun  is  in  thefe  degrees  juft  mentioned,  it 
has  about  16  degrees  |  of  declination,  which  is 
the  latitude  that  the  ancients  have  given  to  the 
city  of  Meroe^  and  which  refults  from  its  diftance 
from  that  of  Syene. 

I  could  alfo  prove  by  the  climates  the  pofition 
of  the  city  of  Merce :  The  antients  have  placed  it 
in  the  middle  of  the  firft  climate,  of  which  the 
longeft  day  is  13  hours,  which  gives  by  calcula¬ 
tion  16  degrees  I,  which  is  the  fame  latitude  that 
we  have  given  to  Meroe  upon  obfervations,  and 
upon  its  diftance  from  the  city  of  Syene.  I  have 
negledled  in  this  calculation  the  refradlion,  becaufe 
it  does  not  make  any  confiderable  difference. 

The  ifland  of  Meroe  was  formed  by  the  river 
Jftile^  and  two  other  rivers,  which  came  from 
the  eaft,  as  we  have  faid.  Influunt  in  Nilum, 
fays  Strabo.^  duo  fiumina  ab  oriente  delata.,  ift 
Meroem  ingentem  infulam  complecluntur .  I  can¬ 
not  tell  whether  the  antients  knew  any  other  ri¬ 
vers  than  thefe  two,  that  flow  into  the  Nile  on  the 
eaft  fide  5  but  we  fee  by  the  memoirs  of  M.  du 
Roule.,  that  there  are  but  two  confiderable  ones, 
the  rivers  Tacaze.,  and  Bender.  The  river  Lacaze 
being  as  big  as  half  the  Nile^  has  very  much  the 
appearance  of  being  the  Aftaboras  of  the  antients : 
this  is  the  opinion  of  Juan  de  Barros^  the  Livy  of 
xXi^Portugueze  \  and  two  things  will  not  permit 
me  to  doubt  it.  The  flrft  is,  that  according  to 

VoL  III.  27.  O  ■  the 
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the  jefuits,  who  have  been  in  Ethiopia^  it  enters 
into  the  ISlile  at  17^  |  of  latitude,  which  is  within 
fome  minutes  near  the  fame  height  that  Ptolemy 
gives  to  the  outlet  of  the  Aflahoras^  700  Stadia 
below  the  city  of  Mero'e^  as  we  fee  by  Strabo^ 
Diodorus^  and  others. 

The  fecond  thing  that  makes  me  believe  the 
Tacaze  to  be  the  fame  with  the  Afiahoras  is,  that 
this  river  is  otherwife  called  Athara^  as  we  fee  by 
the  relation  of  the  fcheiks  of  Nuhia^  and  by  that 
o\ -x  Recollet  who  has  pafled  this  river  in  going 
into  Ethiopia,  Now  the  niimts  At  bar  a  and  AJia-- 
boras  are  not  very  different.  I  fuppofe  that  the 
Atbara  is  its  true  name,  and  that  the  Greeks  have 
altered  it  as  they  have  done  many  others,  fince 
that  (till  happens  pretty  often  to  thofe  who  are 
obliged  to  ufe  foreign  names  in  their  writings. 

As  for  the  river  Aft  ape  ^  it  will  probably  be 
that  of  Bender  ;  for  there  are  only  the  two  rivers, 
Atbara,,  and  Bender,,  at  lead  that  are  of  any  con- 
fideration,  which  enter  immediately  into  the  Nik 
on  the  eaft  fide. 

The  extent  of  the  country  that  I  have  pointed 
out,  is  pretty  near  the  fame  as  that  which  the  an¬ 
cients  have  allowed  to  the  ifland  of  Meroe,,  Biodo- 
rus,,  and  Strabo  have  made  the  length  of  it  3,000 
ftadia,  and  the  breadth  1,000  ;  that  is  to  fay  they 
have  allowed  it  120  leagues  of  length,  and  40 
of  breadth,  which  agrees  here  pretty  well;  whereas, 
neither  the  kingdom  of  Gojame^  nor  the  Peninfula,^ 
formed  by  the  riverM^r^/5»,  approach  to  this  extent. 

And  not  only  the  extent  is  the  fame,  but  alfo  the 
figure  of  a  buckler,  which  and  Strabo  give 

to  the  ifland  of  Meroe,  fufficiently  agrees  with  the 
country  that  I  fpeak  of.  Perhaps  a  fkilful  painter 
might  not  think  it  exa6l ;  but  we  muft  not  look 
tor  all  the  regularity  of  defigning  in  the  figures  that 
3  •  the 
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antlents  have  given  to  countries,  no  more  than  to 
thofe  that  they  have  given  to  the  conftellations. 

There  would  be  but  one  thing  to  apprehend, 
that  the  plan,  which  I  here  reprefent,  was  not 
very  certain  ;  and  that  to  prove  what  I  have  ad¬ 
vanced,  I  had  only  accommodated  it  to  the  opi¬ 
nion  of  the  ancients,  like  the  Lejhian  archite(^ls, 
who  finding  it  difficult  to  fuit  the  fbones  to  their 
model,  made  their  model  conform  to  the  (tone. 
But  to  that  1  anfwer,  that  it  is  the  rivers  which 
make  the  figure,  and  the  greateft  part  of  this  plan, 
and  that  thefe  rivers  with  their  fprings,  their 
courfes,  and  their  outlets,  are  drawn  from  the 
map  that  F.  Hieronymo  Lobo^  Francifco  d^Almeyda^ 
and  other  Portugueze  jefuits,  have  made  upon  the 
fpot  *,  that  they  are  taken  from  the  verbal  depofi- 
tions  of  the  fcheiks  of  Nubia^  examined  feparately 
by  M.  dii  Route  from  the  itineraries  of  our  French 
jefuits,  and  of  the  Sieur  Poncet^  whofe  travels 
F\  le  Gobiens  caufed  to  be  printed,  and  from  fome 
other  manufcript  travels  of  Italian  Recollets^  fent 
into  that  country  by  the  congregation  de  propa- 
ganda  fide^  of  which  I  had  collated  copies. 

Befides  the  affinity  that  I  have  related  between 
the  iQand  of  Meroe^  and  the  country  that  I  pro- 
pofe  to  reprefent  it,  there  are  alfo  fome  others,  as 
the  rains,  the  fruitfulnefs  of  the  country,  and  the 
hunting  of  elephants. 

Strabo  fays,  that  the  regular  rains  begin  only 
at  Mero  ;  and  Pliny ^  that  thofe  who  were  fent 
by  Nero  to  fearch  for  the  fources  of  the  Nile^  be¬ 
gan  to  find  in  thefe  places  trees,  and  plants,  herb  as 
demmn  circa  Meroem  fylvarumque  aliquid  appa- 
ruijj'e^  cetera  folitudines.  And  it  is  exadlly  the 
obfervation,  that  F.  Brevedent  has  made  in  thefe 
very  places.  We  quitted,  fiys  he,  the  city  of 
Corti^  and  the  river  Nile^  to  enter  into  the  defcrt 
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of  Bihouda,  We  began  to  fee  trees  Jtnd  plants, 
the  rains  being  firfl;  met  with  in  thefe  quarters, 
whereas  all  the  reft  to  that  place  was  only  wa¬ 
tered  by  the  overflowing  of  the  Nile^  or  by  the 
means  of  machines  which  raifed  up  the  water  to 
fpread  it  upon  the  grounds,  and  this  Poncet  de¬ 
clares  likewife  in  his  itinerary.  They  might  well 
fay  like  Pliny^  cetera  folitudines^  they  who  had 
walked  many  days  in  fand,  or  parched  grounds, 
where  they  neither  found  water,  nor  grafs,  nor 
any  thing  but  frightful  folitudes.  And  without 
doubt  it  was  in  thefe  defert  places,  that  Cambyfesy 
king  of  PerJja^  having  loft  part  of  his  army,^  was 
obliged  to  return  into  Egypt without  arriving  at 
that  part  of  Ethiopia  which  begins  to  be  culti¬ 
vated  and  inhabited  ;  whereupon  we  cannot  enough 
admire  the  vanity  of  thofe  Grtek  authors,  who 
would  not  willingly  be  ignorant  of  any  thing, 
and  who  to  find  the  origin  of  the  name  of  Mero'i^ 
have  written,  that  Cambyfes  had  taken  this  city, 
and  had  changed  the  name,  which  it  formerly  bore, 
into  that  of  his  fifter,  who  was  called  Mero'i^  and 
that  this  princefs  was  buried  there. 

They  have  very  much  praifed  the  fertility  of 
the  ifland  of  Merce^  and  the  great  number  of  its 
inhabitants ;  and  this  agrees  perfciftly  well  with 
the  country  of  which  I  fpeak. .  F.  Panlet^  a  je- 
fuit,  fays,  that  beyond  the  Nile^  over-againft 
Senna^  the  country  fwarmswith  people  *,  and  that 
there  may  be  feen  thoufinds  of  little  villagesTpread 
over  the  whole  country.  I  have  a  journey  from 
the  fame  city  of  Sennar  to  Sonaquem,,  an  ifland 
and  port  of  the  Red-  fea^  wherein  it  is  laid,  that  the 
country  which  I  deferibe,  is  well  cultivated,  and 
peopled,  a^nd  in  the  defeription  of  Nubia^  made 
by  M.  du  Roitle^  upon  the  relation  of  the  people 
of  the  country,  it  appears,  that  in  thefe  places  the 

earth 
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earth  is  fo  fruitful,  that  they  have  three  barvcfts  In 
a  year. 

In  fine,  it  is  a  little  above  Merce^  that  they  be¬ 
gan  to  fee  elephants  according  to  Pliny.  The 
Ptolomys.^  kings  of  Egyft.,  and  among  others  the 
famous  PhiladelphuSj  who  was  fo  attached  to  the 
knowledge  of  nature  and  of  the  fciences,  fent  hi¬ 
ther  to  hunt  thefe  great  animals,  and  had  built 
fome  places  for  the  convenience  of  thofe  that 
were  fent  thither ;  and  it  has  been  obferved  in  the 
journeys  from  Sennar  to  Souaqiiem^  which  I  have  juft 
mentioned,  that  beyond  the  river  Aibara^  toward 
the  fame  height  that  is  pointed  out  by  Pliny^  they 
found  in  the  mountains  great  quantities  of  elephants, 
and  many  other  forts  of  animals. 

It  feems  to  me  that  to  complete  the  probability 
of  my  coDje(5lure,  there  needs  no  more  than  to 
find  the  city  of  Merce  itfelf  in  the  ifland  that  I 
have  juft  fpoken  of,  or  at  Icaft  to  difcover  the 
ruins  or  remains  of  it.  If  Jofephus  and  Heliodorus 
were  to  be  credited,  who  place  it  at  the  uniting  of 
the  Nile  and  AJiahoras.,  it  would  not  be  difficult ; 
we  need  only  look  for  the  conflux  of  thefe  two 
rivers  which  would  not  be  doubtful ;  but  it  is  well 
known,  that  Heliodorud*^  hiftory  of  Ethiopia  is 
only  a  romance,  and  there  is  great  likelihood, 
that  the  little  ftory  which  Jofephus  makes  concern¬ 
ing  Mofed*^  expedition  into  Ethiopia^  when  he 
was,  fays  he,  at  the  court  of  Pharaoh  and  general 
of  his  troops,  does  not  merit  any  more  credit, 
fince  it  is  not  found  in  the  feripture,  nor  in  Philo  ; 
thus  it  will  be  better  to  have  recourfe  to  Strabo., 
who  fays,  that  the  city  of  Merc'i  was  700  [iadia 
above  the  union  of  the  Aftahoras  and  the  Nile,  or 
to  Pliny  who  makes  it  70,000  paces.  There  is 
found  toward  thefe  places  the  city  of  Guerre,  that 
our  travellers  fav  is  one  of  the  moft  confiderable 
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of  the  cquntry.  Might  it  not  be  what  others  call 
Meroe  or  Gueguer'i^  by  a  fort  of  reduplication  ? 
But  there  is  perhaps  a  radinefs  in  carrying  meer 
conjedlures  fo  far,  and  the  academy  profeffes  a  fe- 
vere  exadnefs  in  the  inquiries  into  truth. 

VII.  Ref  cB ions  on  the  obfervations  made  by 
F.  Laval,  at  St.  Baum,  and  other  7ieigh- 
botndng  7noiintains^  by  M,  Caffini, 
tra7ifated  by  Mr.  Chambers. 

Among  a  number  of  aftronomical  and  geogra¬ 
phical  obfervations  fent  by  F.  Laval to  the  count 
de  Pontchartrain^  there  are  feveral  of  the  height 
of  the  barometer  made  at  St,  Baurn^  and  St.  Pilon., 
on  different  days,  and  at  different  times  of  the  day, 
which  he  has  compared  with  thofe  made  at  the 
fame  time  at  his  obfcrvatory  at  Marf&illes, 

The  better  to  perceive  the  relation  between 
thofe  obfervations  he  has  made  a  table,  in 
the  I  ft  column  whereof  are  expreffed  the  days 
of  the  month,  and  times  of  the  day,  when  fuch 
obfervations  were  made.  The  2d  expreffes  the 
heights  of  the  mercury  at  the  obfervatory  at  Mar- 
feilles.T\\Q  3d  and  4th  the  hcighth  of  the  mercury 
at  the  fame  time  at  St.  Bauyn.^  and  St.  Pilon.  And 
the  5th  of  the  height  of  the  thermometer  2xSt.  Pi- 
Ion, - To  thefe  are  added  3  other  obferva¬ 

tions  of  the  barometer. 

The  1  ft  made  at  the  foot  of  the  rock  St.  Pilon., 
where  it  ceafes  to  be  perpendicular,  and  joins 

with  the  Hope  of  the  mountain,- - The  2d  on 

the  mountain  des  Beguignes.,  eaftward  of  St,  Pilon, 

• - ——And  the  3d  in  the  plain  below  ^9/.  Bdnm^ 

called  the  plain  d'Aups, 
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To  determine  the  height  of  thofe  places  with 
regard  to  each  other,  he  meafured  a  '  bafe  line  of 
155  fathoms  in  the  plain  d*Aups^  and  from  the 
extreams  of  that  bafe  obferved  the  angles  between 
St.  Pilon  and  the  mountain  des  Beguignes^  then 
taking  the  angles  of  the  apparent  height  of  thofe 
mountains,  he  found  the  height  of  the  mountain 
des  Beguignes  geometrically  to  be  2  64  fathom 
above  the  plain  d^Aups.,  and  that  of  St.  Pilon 
181  fathom  above  the  fame  plain,  which  fets  the 
mountain  des  Beguignes  83  fathom  above  St.  Pilon. 

- For  the  height  of  the  bottom  of  the  rock 

where  the  ift  obfervation  was  made,  the  rock  be¬ 
ing  perpendicular  from  St.  Pilon  to  this  place,  he 
had  the  convenience  of  meafuring  it  with  a  cord, 
and  found  it  63  fathom. 

Now  to  find  the  refult  of  thefe  obfervations  of 
the  barometer  made  at  Marfeilles^  and  the  places 
around,  compared  with  the  feveral  elevations 
which  were  taken  geometrically,  we  are  firfl:  to 
confider,  that  the  height  of  the  obfervatory  at 
Marfeilles  abov^e  the  furface  of  the  fea  is  24  fa¬ 
thom,  to  which  2  lines  and  j  of  mercury  cor- 
refpond,  as  appears  from  the  table  in  the  memoirs 
for  1705. 

Having  therefore  taken  the  differences  between 
the  heights  of  the  mercury  found  at  the  fame  time 
at  the  obfervatory,  and  at  St.  Pilon^  which  are  1 5 
in  number,  and  whereof  the  fmalleft  is  2  inches, 
9  lines  I,  and  the  greateft  2  inches  ii  lines 
we  took  the  mean  between  them  all,  which  is 
2  inches  10  lines  to  which  we  added  the  2 
lines  f  correfponding  to  the  height  of  the  obferva¬ 
tory  above  the  furface  of  the  fea.  The  fum  3  inches 
o  lines,  are  Jf,  is  the  depreffure  of  the  mercury 
correfponding  to  the  elevation  of  St.  Pilon  above 

the  furface  of  the  fea. - To  which,  in  the  table 

above 


144  T’heiinTO^Y  andM^uoiK^  of  the 

above  quoted,  anfwer  481  fathom,  the  height 
of  St,  Pilon  above  the  fea  according  to  the  baro- 
-meter. 

So  by  comparing  the  obfcrvations  of  the  baro¬ 
meter  made  at  the  fame  time  at  Marfeilles,^  and 
at  St,  Baum^  which  are  16  in  number,  the 
fmaheft  difference  in  the  height  of  the  mercury  is 
found  2  inches  5  lines  and  the  greateft  2 
inches  6  lines  ;  and  taking  a  medium  between 
them  all,  we  have  2  inches  6  lines  /g,  which 
added  to  2  lines  j,  for  the  height  of  the  obferva- 
tory  gives  2  inches  8  lines  for  the  height  of 
St.  Baum  above  the  fea,  the  number  correfpond- 
ing  to  vdiich  in  the  table  is  41 5  fathom  f ,  which 
fubftraded  from  48  i  fathom,  the  height  of  St, 
above  the  fea  leaves  65  fathoms  f  for  the 

height  of  St.  Pilon  above  St.  Baum. - Yet 

this  height  by  Father  Laval's  menfuration  with 
a  cord,  was  only  53  fithom  ;  but  the  difference 
between  the  heights  of  St.  Baum  and  St.  Pilon  is 
too  Imali  for  any  rules  to  be  eftabliflicd  thereon  ; 
we  nrall  therefore  proceed  to  examine  what  refulrs 
ii'om  the  obfervations  of  heights,  whofe  difference 
is  greater,  ns  the  plain  d'Aups.,  and  the  mountain 
ties  Beguignes.,  which  is  284  fathom  above  the 
lame. 

height  of  the  barometer  on  this  mountain 
was  found  on  the  29th  of  June  24  inches  i  line, 
at  which  time  the  mercury  at  Marfeilles  was  27 
inches  4  lines  high,  which  gives  us  a  fall  of  3 
inches  3  lines  between  the  obfervatory  at  Mar- 
fsilles  and  the  top  of  the  Beguignes^  adding  there¬ 
fore  the  two  lines  ]-  for  the  height  of  the  obferva¬ 
tory  above  the  fea,  to  thefe  3  inches  3  lines,  we 
Ihall  have  3  inches  5  lines  j  of  mercury  for  the 
height  of  the  mountain  desBeguignes  above  the  fur- 
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face  of  the  fea,  the  number  correfponding  to 
ivrhich  in  the  table  is  559  fathom,  i  foot. 

On  the  fame  day  the  height  of  the  mercury 
on  the  plain  d^Aups  was  found  25  inches  6  lines,  at 
which  time  at  the  obfervatory  at  Marfeilles  it  was 
found  27  inches  4  lines  the  difference  is  i  inch 
10  lines  which  added  to  2  lines  ^  for  the  height 
of  the  obfervatory  above  the  fea,  gives  2  inches 
o  lines  for  the  height  of  the  plain  d^Aups  above 
the  fea,  the  number  correfponding  to  which  in  the 
table  is  298  fathom,  1  foot  This  fubftraded 
from  559  fathoms,  the  height  of  the  Beguignes^ 
above  the  fea,  gives  261  fathoms  for  the  height 
of  the  mountain  Beguignes  above  the  plain 
d^Aups^  according  to  the  different  heights  of  the 
barometer,  compared  with  the  table  above-men¬ 
tioned, - which  height  F.  Laval  determined 

geometrically  to  be  264  fathoms,  the  difference 
therefore  is  only  3  fathoms :  which  is  a  precifion 
greater  than  we  could  ever  liave  expected,  con- 
fidering  that  an  error  of  ^  of  a  line  in  the  obfer- 
vations  of  the  height  of  the  barometer,  fuffices  to 
make  this  difference. 

So,  if  from  481  fathoms,  the  height  of  St.  Pi- 
Ion  above  the  fea  according  to  the  barometer,  we 
fubftracl  the  height  of  the  plain  d*Aups  above  the 
fea,  which  we  have  found  to  be  29 8  fathoms,  i 
foot  I,  we  fhall  have  the  height  of  St.  Pilon  a- 
bove  the  plain  d^Aups.,  182  fathoms,  5*  feet, 
which  is  only  i  fathom,  5  feet  more,  than  F.  La¬ 
val  had  determined  it  geometrically. 

From  thefe  obfervations  therefore  it  appears, 
that  the  difference  between  the  heights  of  two 
places  may  be  found  with  fufficient  exadnefs,  by 
the  rule  above  laid  down,  provided  the  height  of 
the  barometer,  at  the  furfice  of  the  fea,  be  known 
at  the  fame  time.  For  want  of  an  obfervation  at 

V01..IIL  27.  P  the 
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the  furface  of  the  Tea,  we  may  fuppofe  the  mean 
height  of  the  mercury  there  to  be  28  inches ;  but 
then  we  mud  not  expecft  to  arrive  at  this  preci- 
fion. 

4 

Rejle^fions  on  the  apparent  deprejjion  of  the  hori¬ 
zon  of  the  fea. 

The  height  of  St.  Pilon  above  the  furface  of 
the  fea,  being  found  by  obfervations  of  the  ba¬ 
rometer,  as  we  have  elfewhere  fhewn,  to  be  481. 
An  enquiry  may  be  made  into  the  obfervations 
of  the  apparent  depreffion  of  the  horizon  of  the 
fea,  made  by  the  fame  father  on  that  mountain. 

Thefe  oblervations  he  has  reprefented  in  a  ta¬ 
ble,  wherein  are  exprefled  the  date  of  the  air 
and  the  wind,  which  blew  at  the  time  of  obfer- 
vation,  together  with  the  correfpondent  height  of 
the  barometer  and  thermometer. 

The  greated  apparent  depredion  of  the  horizon 
of  the.  fea  was  obferved  on  the  25th  of  June^  at 
2  in  the  afternoon,  to  be  57 , 45'^ —  the  wea¬ 
ther  then  being  hazy,  and  the  wind  at  north- wed  ;• 
the  fmalled  was  found  on  the  26th  o^June  in  the 

morning,  to  be  56' — - the  dcy  being  very 

clear,  and  the  wind  fouth-wederly  :  taking  there¬ 
fore  a  rnedimn  between  thefe  two  obfervations, 
which  differ  V — 45" —  from  each  other,  wc  fhall 
find  the  mean  apparent  depreffion  to  be  56' — 52'^ 

Suppofing  now  the  femi-diameter  of  the  earth 
to  be  3271600  fathoms,  as  wt  found  it  by  our 
obfervations  in  prolonging  the  meridian,  we  fhall 
find,  that  at  the  height  of  St.  Pilon  above  the 
fea,  which  is  481  fathoms,  the  real  depredion  of 

the  horizon  fhould  be  58^ - 57" -  which  is 

greater  by  1' - 5''  than  the  mean  apparent  de- 

predion  56/ - 57.'/ - This  excefs  mud  be 

owing  to  the  retradbion,  which  raifes  the  appa- 
1  .  rent 
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rent  vifual  ray  above  the  true  one,  by  about  the 
28th  part  of  the  angle  of  the  mean  apparent  de- 
prefTion. 

F.  Laval  remarks  on  his  obfervations,  that  there 
is  a  variation  in  the  refraction,  at  heights  greater 
than  thofe  of  the  obfervatory  at  Marfeilles  •,  but 
that  this  variation  is  not  fo  confiderable  as  in 
lower  places  for  in  all  the  obfervatipns  which  he 
has  had  opportunity  to  make  on  Sl  Piloriy  this 
variation  never  rofe  above  i  — 45'' —  whereas  at^ 
his  obfervatory  it  has  rifen  to  3' — 20'^ - In¬ 

deed  as  F.  Laval  has  made  a  much  greater  num¬ 
ber  of  fuch  obfervations  at  Marfeilles^  than  at  St, 
Pilo}7^  ’tis  pofTible,  that  by  further  obfervation 
on  that  mountain,  a  greater  difference  might  be 
found  than  he  has  yet  met  wnth. 

The  fame  father  alfo  notes,  that  his  obferva- 
tions  confirm  what  he  had  mentioned  in  the  me¬ 
moirs  fent  to  the  academy,  that  the  refraClion  is 
greateft  when  there  is  a  fog  in  the  air  occafioned 
by  a  north- weft  wind  ;  and  that  it  is  even  greater 
or  lefs,  as  the  wind  is  more  or  lefs  frefti.  On 
the  contrary,  that  the  fea  never  appeared  lefs  de- 
preffed  than  on  the  26th  of  Jime^  in  the  morning, 
when  the  wind  blew  weakly  from  the  fouth-weft, 
and  the  horizon  was  very  clear.  On  the  evening  of 
that  fame  day,  there  being  a  great  fog  the  re- 
fraClion,  was  increafed  by  1/ — 30'' —  The  weight 
and  the  heat  of  the  ait,  feemed  not  to  contribute 
any  thing  to  the  refraCtion,  fince  the  barometer 
and  thermometer  w^ere  pretty  much  at  the  fame 
height  on  the  25th  and  ebrh  o{June\  and  yet 
the  difference  ot  the  refraction  was  as  great  as  he 
had  ever  known  it. 
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yill.  An  ohfervation  of  a  lummous  circle 
about  the  fun^  by  M,  de  la  Hire  tranf 
lated  by  Mr,  Chambers. 

On  the  9th  of  ApriU  in  the  prefent  year,  1 708, 
at  one  in  the  afternoon,  I  perceived  a  large  lu¬ 
minous  ring  about  the  fun  very  compleat  in  all 
its  parts.  The  fun  was  in  the  centre  of  this  ring, 
the  diameter  whereof  was  36^—  and  his  breadth 
a  degree  and  half;  the  inner  edge  of  the  ring 
was  pretty  well  defined,  and  of  a  colour  border¬ 
ing  on  red  ;  but  the  outer  was  whitifh,  and  thus 
lofi  itfelfin  the  fky.  So  much  of  the  fky  as  ap¬ 
peared  within  the  circle  was  very  dark,  and  ef- 
pecially  in  that  part  contiguous  to  the  circle.  On 
the  outfide  it  was  much  clearer  and  whiter,  tho’ 
the  whole  air  was  full  of  a  fort  of  light  fog,  which 
had  rofe  a  great  height,  there  was  no  parhelion^ 
or  mock- fun,  on  this  circle,  as  is  frequently 
found  on  fuch  circles  near  the  horizon  at  fun-rife, 
where  there  are  commonly  two  diametrically  op- 
pofitc  to  each  other,  and  of  the  fame  height  with 
the  fun  ;  but  ’tis  very  rare  to  obferve  fuch  cir¬ 
cles  in  the  meridian,  and  dill  rarer  parhelia 
on  them,  efpecially  when  the  fun  is  very  high, 
and  the  air  well  heated  ;  as  in  effect  the  phteno- 
menon  can  only  be  owing  to  particles  of  ice, 
which  occafion  this  appearance  by  refradling  the 
fun’s  rays  ;  and  as  thefe  circles  have  always  the 
fime  diameter,  it  follows,  that  thofe  icy  parti¬ 
cles  mufl  always  be  of  the  fame  figure  ;  ’cis  not  fo 
eafy  to  give’a  phyfical  folution  of  this  phaenome- 
non  as  of  the  rain-bow,  the  caufe  whereof  is 
evidently  in  the  little  drops  of  rain,  which  are 
fphcrical,  and  of  which  we  can  make  a  perfeft 
imjration  by  means  of  a  little  phial  full  of  water, 

^  April  25,  470s. 


nor 
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nor  need  we  wonder,  if  there  occur  fome  diffe¬ 
rences  in  the  obfervations  of  the  diameters  of  thele 
circles,  as  well  as  thofe  of  the  rain- bow,  fince  in 
the  latter,  experience  teaches  us,  that  the  diffe¬ 
rent  degrees  of  the  heat  of  water  produce  a  con- 
fiderable  alteration. 


IX.  An  extraB  of  the  obfervations  made  in 
the  Weft-Indies  in  1704,  1705,  and  1706, 
by  F,  Feuillee,  a  minim ^  mathematician 
to  the  king^  co?npared  with  thofe  which 
were  ?nade  at  the  fame  time^  by  M.  Caf- 
fini  the  [on 

He  fet  out  from  Martinico^  July  the  4th,  1704, 
and  arrived  the  12  th  at  Golfo-trifie^  which  the 
Spaniards  call  Porto-caheillo. 


Obfervations  for  the  height  of  the  pole  at  Golfo 
Trifle,  or  Porto-cabeillo,  July  12,  1704. 
AtP(?r/^7-r^^^///^,the  meridian  height  1  "g  'g 
of  the  upper  edge  of  the  fun  \  ^ 

Refradlion  minus  the  parallax 
Therefore  the  true  height  of  the  7 

upper  edge  3  '  ^ 

Semi-diameter  of  the  fun  15  50 

Therefore  the  true  height  of  the  centre  78  32  56 
Declination  of  the  fun  21  57  52 

Therefore  the  fupplement  of  the  7  o 

height  or  the  equator  3  o  -r 

And  the  height  of  the  pole  10  30  48 


// 

55 

9 

46 


We  fhall  content  ourfelves  in  the  following 
obfervations,  to  give  the  height  of  the  pole,  which 
refults  from  the  obfervations  of  the  meridian  height 
of  the  fun,  having  regard  to  the  refra&ion,  parallax, 
femi-diameter,  and  declination  of  the  fun. 

*  December  20,  1707. 

July 
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July  I  the  meridian  height  of  the  i  'o  «  '  " 

upper  edge  of  the  fun  5  7  5  5 

From  whence  we  take  the  height  of? 

the  pole  .  ^03050 

Thcfe  obfervatlons  concur  in’  deter-  ^ 

termining  the  height  of  the  pole  at  >  10  30  50 

PGrto-cabeillo  to  be  3 

I 

Obfervatlons  for  the  variations  of  the  needle, 

F.  Feuillee  fee  out  from  this  port  the  1 4th  of 
of  July  to  go  to  Santa  Marthe^  where  he  arrived 
the  2 id.  He'obferved,  as  he  went  along,  the 
mountains  Santa  Marthe^wYnch  are  of  a  prodi¬ 
gious  height,  and  had  their  tops  dill  covered 
with  fnow,  altho*  the  fun  was  near  the  zenith. 

The  1 8th  he  obferved,  between  Porto- cabeillo 
and  Curacoa  the  variation  of  the  needle,  by  the 
means  of  the  amplitude,  to  be  6^  40'  N.  E. 

It  is  marked  in  Dr.  Halleyh  map  of  variations 
in  this  place  for  the  year  1700,  about  7^  N.  E. 

The  20  near  Ca'pe  des  Eguilles^  a  little  didant 
from  Santa  Marthe^  he  obferved  the  variation  of 
the  needle  to  be  7  ”  6'. 

It  is  marked  in  Dr.  Halley\  map  in  this  place 
above  8  ^ ^ 

Obfervatlons  for  the  height  of  the  foie  at 

Santa  Marthe. 

July  24,  1 704,  at  Santa  Marthe,,  the  1 

meridian  height  of  the  upper  edge  r  3 1  46  5 

of  the  fun  was  *  ^ 

the  third  84  8  35 

the  fourth  84  24  lO 

In  taking  a  mean  between  the  height  of  the 
pole,  which  refults  from  thefe  obfervations,  we 
dial  I  have  the  height  cf  the  pole 
At  Sc.  Marthe 


ir  lO  55 
Thefe 
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Thefe  obfervations  were  made  100  paces  from 
the  fea. 

Obfervations  for  the  height  of  the  pole  at  Porto- 

Bello. 

Sept.  7,  1704,  at  Porto-Bello^  thei  „  ;  „ 

meridian  height  of  the  upper  edge  >86  38  17 
of  the  fun  ' 

The  1 2th  84  44  49 

The  13th  84  22  o 

Obi.  the  3d  .  76  33  26 

The  4th  76  II  o 

The  22d  69  27  50 

Taking  a  mean  between  the  height  of  the  pole 
which  refults  from  thefe  obfervations,  we  fhaJI 
have  the  height  of  the  pole. 

At  Porto-Bello.  9  33  5 

Obfervations  of  the  fatellites  of  J upker,  for  the 
longitude  of  Porto-Bello. 

Otlober  j.,  At  2''  4!  25'Mn  the  morning  at 

Porto-Bello.^  the  immerfion  of  the  firfl  fatellite  in¬ 
to  the  fhadov/  of  Jupiter the  sky  ferene  and 
clear. 

33'  5"  Paris^  by  the  cor- 

rented  calculation. 

5*^  28'  40'' difference  of  the  me¬ 
ridians  between  Paris  and  Porto-Bello^  by  which 
Porto-Bello  is  more  eafterly. 

Obfervations  of  the  length  of  the  pendulums  at' 

Porto-Bello. 

F.  Feuillee  applied  himfelf  during  his  flay  at 
Porto-Bello.,  which  was  above  3  months,  in  find¬ 
ing  the  length  of  the  pendulum.  Fie  had  for 
this  purpofe  fufpended  a  musket- ball  to  a  thread 

of 
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of  filk  grafs,  and  having  fpent  the  greateft  part 
of  the  day,  whilft  he  ftaycd  in  this  port,  in 
comparing  the  vibrations  of  this  pendulum  with 
that  which  he  had  brought  from  France^  he  found 
that  the  length  taken  from  the  centre  of  the  ball, 
being  3  feet,  5  lines  agreed  perfedlly  well 
with  the  mean  motion. 

According  to  this  obfervation,  the  length  of 
the  pendulum  at  Porto-Bello  is  about  3  lines  lels 
than  that  which  we  obferved  at  Paris.  It  is  alfo 
I  line  i  lefs  than  what  was  obferved  at  Caienne  in 
1672,  by  Richer^  tho’  this  ifland  is  4  or  5 
degrees  nearer  to  the  equator  than  Porto- Bello. 

The  length  of  the  pendulum  at  Porto-Bello  only 
differs  about  a  line  from  that  which  was  obferved 
in  1682  at  Goree  of  3  feet,  6  lines  9,  and  at 
Guadaloupe  of  3  feet,  6  lines 

Ohfervations  cf  the  variation  of  the  needle  at 

Porto-Bello. 

f 

F.  Feuillee  having  with  great  care  drawn  a 
meridian  line  upon  a  horizontal  plane,  placed 
there  3  compaffes  of  different  fizes,  the  biggeft 
of  which  was  9  inches,  7  lines,  and  found  the 
declination  of  the  needle  7^  2  5'  N.  E. 

This  declination  is  marked  in  Dr.  Halley^s  map 
above  9"  N.  E. 


Ohfervations  for  the  height  of  the  pole  at  the  fort 

of  Bocachica. 

This  fort  is  3  leagues,  or  thereabouts,  to  the 
fouth  of  Carthagena^  built  at  the  entrance  of  the 
gulph. 

Dec.  14,  1 704.  meridian  hei 
lower  edge  of  the  fun 


ght  efthe 


\56 


// 

lO 


The 
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The  20th,  meridian  height  of  the  up- } 
per  edge  *  ^ 

By  the  mean  of  thcfe  obfervations,  we  ^ 

have  the  height  of  the  pole  at  the  C  10  20  25 
fort  of  Bocacbica  3 

Obfervations  for  the  height  of  the  pole  at  Cartha- 

gena,  1705. 

Jan,  I,  1705,  at  Carthagena^  meri--v 

dian  height  of  the  upper  edge  of  L  56  46  20 
the  fun  3 

Jan.  2  56  51  47 

.  57  3  2 

Taking  a  mean  between  the  height  ot  the  pole, 
which  refults  from  thefe  obfervations,  we  fliail 
have  the  height  of  the  pole,  ' 

Ai  Garth agena  10  30  25 

Obfervation  of  the  eclipfe  of  the  moon^  Dec.  ii, 
1704,  at  Carthagena. 

At  o  5  i  47  in  the  morning,  the  beginning  of 

the  eclipfe. 

3  3^  3^  end  of  the  eclipfe. 

2  44  45  total  duration. 

F.  Feuillee  made  this  obfervation  with  M.  Cou¬ 
plet  the  fon.  They  had  a  more  favourable  time 
than  we  had  at  Paris.^  where  the  fhadow  of  the 
earth  did  not  appear  wxl'l  terminated  ;  fo  that  we 
could  only  obferve  the  beginning  of  the  eclipfe, 
and  the  immerfion  of  fome  fpors.  This  is  the 
refult  of  the  comparifon  of  -this  obfervation,  with 
thofe  which  were  made  at  the  royal  obfervatory. 

At  Q  51  47  in  the  morning  at  Carthagena.,  the 

beginning  of  the  ecliofc. 

VoL.  III.N^  27.  Q 


At 
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h  /  / 

At  6  4  40  at  Paris^  the  beginning  with  a  tc- 

Icfcope  of  3  feet. 

5  1 2  53  difference  of  the  meridians  between 
Paris  and  Carthagena. 

o  59  21  2X  Carthagena^  mare  humor umtvXtX’^ 

6x2  o  at  Paris^  the  ihadow  at  the  edge 
of  mare  humorum 

5  12  39  difference 

I  3  29  at  Carthagena^  the  beginning  of 
Grimaldi 

6  14  30  dit  Paris ^  hy  de  la  Hire 

5  I  I  I  difference 

I  6  45  at  Carthagena,  end  of  Grimaldi  • 

6  17  30  at  Paris,  by  Meff.  de  la  Hire 

5  10  45  difference 

I  9  9  at  Carthagena 

0  2  f  o  at  Parity  by  Meff.  de  la  Hire 

5  II  51  difference  of  the  meridians  between 
Paris  and  Carthagena 

Taking  a  mean  between  the  difference  of  the 
nieridians  which  refill ts  from  thcfe  obfervations, 
we  fhall  have  tlie  difference  of  the  meridians  be¬ 
tween  Paris  and  Carthagena  5''  11'  50". 

Obfer  vat  ions  of  the  fatellites  of  Jupiter  at  Car¬ 
thagena,  Jan.  8,  1705. 

At  II  28  46  in  the  evening  at  Carthagena,  the 

cmerfion  of  the  firft  fatellite  out 
of  the  ffiadow  of  flip  ter  through 
feme  fogs. 

16  39  54  -^iX.  Paris  by  the  corrcfled  calcula¬ 
tion. 

j  i  S  Difference  of  the  meridians  be¬ 
tween  Paris  and  Carthagena, 


n 

J 


Jan. 
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Jm,  16. 

h  /  //  ^ 

At  I  20  15  m  xht  morning  Cart h age n a ^  the 

cmerfion  of  the  firft  fatellite  out 
of  the  fhadow  of  Jupiter^  the 
heavens  being  clear  and  ferene. 
631  1 5  at  Paris  by  the  corredted  calcu¬ 
lation 

5  1 1  20  difference  of  the  meridians  between 
Paris  and  Carthagena. 

The  Jaft  obfervation  having  been  made  in  fe¬ 
rene  weather  it  feems  bed  to  fix  here,  and  deter¬ 
mine  the  difference  of  the  meridians  between  Pa~ 
ris^  and  Carthagena  of.  5'’  20'^ 

Obfervations  for  the  variation  of  the  needle  at 

Carthagena. 

F.  Feuillee  has  found  by  feveral  obfervations 
the  variation  of  the  needle  at  Carthagena  to  be 

7^  iF  N.  E. 

It  is  marked  in  that  place  in  Dr.  Hallef^  map 
of  variations  o  N.  E. 

Obfervations  for  the  height  of  the  pole  at  fort 

St.  Louis. 

This  fort  is  fituated  to  the  fouth  of  the  ifland 
of  St.  Domi?jgo. 

Feb.  21,  1705,  meridian  height  of  the  upper 
edge  of  the  fun  61°  32/  25^' 

Which  gives  for  the  height  of  the  pole  at  fort 
St.  Louis  /  18  18  5 

I 

Obfervations  for  the  height  of  the  pole  at  the 

ifland  of  St,  Thomas. 

March  17,  1705,  meridian  height  of  the  up¬ 
per  edge  of  the  fun  70  41  o 

Vf  hich  gives  the  polar  height  for  the  ifland  of 
St.  Thomas  iS  21  33 

Q  2  0^-. 
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Observations  made  at  Martinico. 

F.  FeuilUe  went  at  the  return  from  his  voyage 
to  Martinico^  where  he  made  new  obfervations 
during  his  ftay. 

He  gives  notice  that  his  obfervations  were  made 
to  the  eaft  of  the  ifland  at  7  or  8  leagues  diftance 
from  the  place  where  Meff.  des  Hayes  and  du 
Glofs  made  theirs,  lo  that  the  difference  of  the 
meridians  between  Paris  and  the  place  where  he 
has  made  his  obfervations,  muft  be  lefs  than  that 
which  refults  from  MelT.  des  Hayes  and  du  Closes 
obfervations. 

June  i705>  meridian  height  of  the  upper 
edge  of  the 

o  /  // 


Sun  - - 

The  19th  of  Hug, 
The  2d  of  Sept, 
The  14th  « — 

The  16th  — 

The  20th  — 

The  22d 
The  30th 
The  ift  of  OSJ. 
The  4th  — 

The  6th 
The  9th 

The  20th  — 

The  3d  of  Nev, 
The  14th  • — 

The  1 8  th 
The  20th  •— 

The  29th 
The  26th  of  Dec. 
The  31ft  — 


81 

39 

10 

88 

18 

37 

83 

26 

37 

78 

54 

28 

78 

8 

55 

76 

1 1 

42 

75 

48 

20 

72 

40 

47 

72 

17 

37 

71 

8 

1 6 

70 

21 

18 

69 

12 

5 

65 

6 

43 

60 

23 

30 

57 

13 

10 

5^ 

1 1 

48 

55 

32 

25 

53 

59 

15 

52 

10 

54 

52 

28 

2 

Thefe  obfervations  give  the  height  of  the  pole 
in  the  place  where /h  FeniUee  made  his  obfeiva- 

tions 
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tions  at  Martinico  between  42'  5''  and  14^^ 
43'  55"^  almoft  the  fame  as  that  which  refults 
from  the  obfervatlons,  which  he  had  made  at  the 
beginning  of  his  voyage;  therefore  we  may  de¬ 
termine  the  height  of  the  pole  at  this  place  to 
be  14'’  42'  o", 

Ohfervations  of  the  fatellites  of  Jupiter  at  Mar¬ 
tinico,  d?/0(5tober  1705,  at 

i’  /  //  , 

3  10  41  in  the  morning  at  the  im- 

merfion  of  the  fecond  fatellite  into  the 
fhadow  of  Jupiter. 

The  I  (^th  of  Odlober,  at 
2  56  47  in  the  morning  at  Martinico.,  the  im- 
merfion  of  the  flrft  fatellite  into  the 
fhadow  Jupiter.,  the  heaven  being 
ferene. 

7  9  39  itt  Paris.,  by  the  corredted  calculation. 

4  12  52  difference  of  the  meridians  between 

Paris  and  Martinico, 

The  2^th  October,  at 

2  o  54  in  the  morning  at  Martinico.,  the  im- 

merfion  of  the  third  fatellite  into 
the  fhadow  Jupiter, 

5  1 8  46  in  the  morning  at  Martinico,,  the  e- 

merfion  of  the  third  froni'the  fhadow 
of  Jupiter. 

3  17  52  total  duration  in  the  fhadow  of  Ju¬ 

piter, 

The  26th  of  Odlober,  at  '  , 

4  51  6  in  the  morning  ‘dx' Martinico.,  the 

immerfion  of  the  firfl  fatellite  into 
the  fhadow  of  Jupiter  near  the  ze¬ 
nith. 

9  4  24  at  Paris.,  by  the  correded  calculation, 

4 
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4  13  iS  difference  of  the  meridians  between 

Paris  and  Martinico, 

^he  ^th  of  November,  at 
1  13  57  in  the  morning  at  Martinico^  the  im- 
merfion  of  the  firft  fatellite  into  the 
fhadow  of  Jupiter, 

5  26  51  Paris^  by  the  corredled  calculation 

by  an  obfervation  of  the  following 
day. 

4  12  54  difference  of  the  meridians  between 

Paris  and  Martinico, 

The  ijth  of  November,  at 
I  19  36  in  the  morning  at  Martinico,^  the  im- 
merfion  of  the  firfl;  fatellite  into  the 
fhadow  of  Jupiter,  The  wind  fhook 
the  telefcope; 

5  32  38  immerfion  obferved  at 

4  13  2  difference  of  the  meridians  between 

Paris  and  Martinico, 

The  2yth  of  December,  at 

3  10  14  in  the  morning  at  Martinico,^  the  im- 

merfion  of  the  firft  fatellite  into  the 
fhadow  of  Jupiter  near  the  zenith. 

7  23  16  at  Paris,,  by  the  corredled  calculation. 

4  13  2  difference  of  the  meridians  between 

Paris  and  Martinico, 

The  2%lh  of  December,  at 
4  27  42  in  the  morning  at  Martinico,,  the  im- 
merfion  of  the  fecond  fatellite  into 
the  fhadow  of  Jupiter, 

28 February,  1706,  at 
10  26  34  at  night  at  Martinico,  emerfion  of  the 
firft  fitellite  out  of  the  fhadow  of 
Jupiter  near  the  zenith.  . 


14 
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14  39  18  ^itParis^  by  the  correfled  calculation. 
4  12  44  difference  of  the  meridians  between 
Paris  and  Martinico,_ 

Phe  2'^d  cf  March,  at 

10  47  33  at  night  at  Martinicoy  emerfion  of 

the  firft  fatellite  out  of  the  fhadow 
of  Jupiter, 

14  59  28  2XPariSy  by  the  corre6led  calculation. 
4  1 1  55  difference  of  the  meridians  between 

Paris  and  Martinico, 

The  I  i^th  of  April,  at 

11  7  44  at  night  at  MartinicOy  emerfion  of  the 

firft  fatellite  out  of  the  fhadow  of 
Jupiter. 

15  20  44  at  PariSy  by  the  corredled  calculation. 
4  13  o  difference  of  the  meridians  between 

Paris  and  Martinico. 

Almoft  all  thefe  obfervations  concur  in  giving 
the  difference  of  the  meridians  between  Paris  and 
Martinico  4^  13'  o". 

We  had  determined  it  by  the  comparifon  of 
two  obfervations,  rruide  at  the  fame  time  at  Paris 
and  at  Martinico  to  be  4^^  13  28'^. 

Therefore  we  may  for  greater  exadlnefs  deter¬ 
mine  the  difference  of  the  meridians  between 
Paris  and  Martinico  to  be  4^  13'!  5". 

Obfervations  of  the  cclipfe  of  the  moony  April  27, 

1706,  at  Martinico  at  ' 

8  12  58  at  night,  beginning  of  the  eclipfe 
10  49  o  end  of  the  eclipfe. 

2  36  2  total  duration 

F.  Feuillee  obferved  during  the  time  of  this 
eclipfe,  the  immerfion  and  emerfion  of  fevcral 
fpots,  of  which  we  were  not  able  to  obferve  the 

cor- 
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correfponding  ones  at  Paris^  becaufe  the  flcy 
was  not  very  ferene.  This  is  the  refult  of  his 
obfervation  with  ours.  At, 

9  42  2  at  Martinico  promontorium  acutunty 

quite  in  the  fliadow. 

^7  55  ^  Paris  the  lhadow  was  at  promon¬ 

torium  acutum 

4  12  58  difference  of  the  meridians  between 
Paris  and  Martinico, 

10  49  o  the  end  of  the  eclipfe  at 
15  2  30  at  Paris, 

4  13  30  difference  of  the  meridians. 

Taking  a  mean  between  the  differences  which 
refult  from  thefe  two  obfervations,  we  fhall  have 
the  difference  of  the  meridians  between  Paris  and 
Martinico  4''  13'  1 5". 

The  fame  that  we  determined  by  the  fatellites  of 
Jupiter, 

This  eclipfe  was  obferved  at  the  fame  time  at 
the  port  dc  PaiXy  in  the  ifland  of  Et,  BomingOy 
where  the  end  was  feen  at  9''  40^ 

We  fhall  therefore  have  the  difference  of  the 
meridians  between  Martinico  and  the  port  de 
PaixoS.  1'  9'  o"  y  which  being  added  to  the  dif¬ 
ference  of  the  meridians  between  Paris  and  Mar- 
tinico  of  4*'  13'  15'',  gives  the  difference  of  the 
meridians  between  Paris  and  the  port  de  Paixy  in 
St,  Domingo y  of  5  22/  15". 

Obfervations  of  the  length  of  the  pendulums  at 

Martinico. 

F.  Feuillee  having  fufpended  a  musket-ball  to  a 
thread  of  filk-grafs,  found  by  feveral  obfervations, 
the  length  of  the  pendulum  to  be  3  feet,  5  lines 
f  f ,  greater  by  ^  of  a  line  than  what  he  found  at 
Porto-Bello  oi  3  feet,  5  lines  ,^2. 


Ob- 
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Ohfervatians  of  the  variation  of  the  needle. 

F.  Feuillee  at  his  return  to  Martinico,  found 
the  variation  of  the  needle  to  be  6""  lo'  N.E.  pretty 
near  the  fame,  that  he  had  obferved  in  1 704  in 
the  fame  place. 

All  the  obfervations  juft  related,  added  to  thofe 
which  are  inlibrted  in  the  travels  of  the  academy, 
will  ferve  to  determine  pretty  exactly  the  coaft  of 
South  America  from  Caieme  to  the  Ifihmus  of 
Panuma^  and  the  fituation  of  many  of  its  iflands^ 
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AB  R I D  G  M  ENT 

OF  THE 

Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Paris^  for  the  Year  1709. 

1.  Of  the  Jhagreen  which  comes 

M.  Jaugeon  having  been  curious  to  know  what 
the  ihagreen  is,  which  comes  from  Turkey^  in¬ 
quired  of  M.  Feriol^  ambaflador  at  Conftantihople^ 
from  whom  he  received' all  the  information  that 
he  defired.  There  is  no  animal  of  this  name,  as 
fome  have  imagined.  They  make  the  fhagreen  of 
the  fkin  of  the  buttocks  of  horfes  and  mules.,  which 
is  well  tanned,  and  rendered  as  thin  as  poflible  j  it 
is  prelTed  for  a  certain  time,  after  being  ftrewed 
with  the  fineft  muftard-feed.  When  the  feed 
takes  well,  the  fkins  are  beautiful ;  if  not,  there 
remain  fome  fmooth  places  called  mirrours^ 
which  area  great  blemifh.  The  fineft  fhagreens, 
are  made  at  Conftantinople^  and  in  fome  parrs  of 
Syria, 

II.  Of  great  cold  coming  with  a  fouth-wind. 

It  has  been  thought  furprifing,  that  the  cold 
of  the  winter  1 709,  which  was  fo  extraordinary, 
and  rigorous,  lafted  feveral  days  at  Paris^  with 
the  wind  at  fouth.  To  aflign  the  reafon  of  it, 
M.  de  la  Hire  has  faid,  that  thp  mountains  of 

All- 
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Auvergne^  which  are  to  the  fouth  of  Paris^  were 
then  all  covered  wdth  fnow  ;  and  M.  llomherg^ 
that  a  very  cold  north- wind,  which  Cvime  a  great 
way,  and  extended  very  far,  having  preceeded, 
the  fouth  wind  was  but  a  reflux  of  the  fame  air, 
which  the  north  had  driven,  and  had  not  been 
heated  in  any  country.  Thefe  two  caufes  may 
eafily  be  joyned  together. 

III.  Oj  the  Seine  net  being  cntii^ely  ff'ozen  in 
the  hard  wiiiter  of  1709. 

« 

There  were  another  wonder  in  that  winter. 
Notwithftanding  the  extreme  violence  of  the 
cold,  the  ^eine  was  not  entirely  frozen  at  Paris^ 
and  the  middle  of  its  current  was  always  free, 
only  there  floated  feme  great  flakes  of  ice  in  it. 
And  yet,  in  lefs  fevere  winters,  the  Seine  has  been 
fo  frozen,  that  carts  might  go  upon  it.  M.  Horn- 
berg  is  of  opinion,  that  in  our  climate  at  leafl: 
fuch  great  rivers  would  not  freeze  of  themfelves, 
except  pward  the  edges,  becaufe  their  current  is 
always  too  flrong  towards  the  middle  ;  and  there¬ 
fore  if  they  did  not  break  the  ice  at  ci'ie  ihoar, 
which  they  never  fail  to  do  for  different  reafons, 
the.  middle  would  flow  as  ufual,  and  would  not 
carry  flakes  of  ice  with  it;  fuppoflng  alfo-that 
there  fell  no  fmali  rivers  into  the  great  one  ;  but 
as  they  do  fall  into  it,  the  ice  carried  by  it  in  the 
middle  comes  for  the  mofl:  part  from  the  fmali 
rivers,  which  are  eafily  frozen,  and  where  people 
break  the  ice;  that  thcle  flakes  bri' g  fh'ppeel 
either  by  a  bridge,  or  bend  of  the  liver,  or  by 
any  obftacle  whatfoever,  hold  and  flick  to2;erher 
by  the  cold,  and  afterwards  form  a  loit  oferufb, 
wd'iich  covers  the  whole  fur  face  of  the  river;  and 

laflly. 
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laftly,  that  as  the  cold  of  1 709  was  very  fudden 
and  fharp  from  its  very  beginning,  the  fmall  ri¬ 
vers  which  fall  into  the  Seine  above  Paris^  froze 
all  at  once,^.and  entirely;  fo  that  their  flakes 
which  would  have  faftened  on  the  furface  of.  the. 
Seine^  could  not  be  carried  into  it ;  at  lead  in  a‘ 
fufficient  quantity.  Itds  pretty  remarkable,  that 
the  very  violence  of.thc,  coid.v/as,  partly  the  caufe, 
that  the  Seine  did  not  freeze. 

In  the  fame  winter, .  the  ice  of  the  port  of 
penhagen  was  27  inchestthick,  even  in  the^  places 
where  it  was.  not  .accumulated.  X^is.  fad  is  the 
more  worthy  of  attention,;  becaufe  in  :he‘great 
frofl;  of  1683,  the  royal  foeiety'having  caufed  the> 
thicknefs  of  the  ice  of  the  fhames  to  be-meafur’d,; 
when  they  went  upon  it  in.. coaches,  .found  it.  ta 
be  but  1 1  inches.  : 

t 

IV.  Of  a  pullet  njoith  two  hearts. 

t 

M.  Plantade^  of  the  royal  fociety  of  MontpeU 
lier^  being  at.P^m,  met  with  two  pullets  within 
a  fliort  fpace  of  time,  each  of  which  had  twa 
hearts.  He  gave  thofe  of  the  lail  to  M.  Caffmi  the 
fon,  who  brought  them  to  the  academy.  M., 
foaked  them  in  warm  water,  in  order  to 
examine  them.  They  were  of  equal  fize  ;  and 
each  of  them  very  little  lefs  than  the  heart  of  -3^ 
pullet  of  the  fame  age.  They  were  placed  even 
with  each  other,  at  the.  diftance  of  half  an  inch  ; 
each  of  them  had  its  ventricles,  its  auricles,  and 
all  the  blood- velfels,  like  common  hearts ;  and 
had  nothing  Angular,  except  their  being  both 
faftened  by  their  lower  ve^ia  cava  to  one  of  the 
lobes  of  the  liver.  M.  ZjV/r^  conjtdu res,  that 
the  blood  of  the  right  ventricle  of  the  right  heart 
I  went 
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went  into  the  right  lobe  of  the  lungs ;  and  the 
blood  of  the  right  ventricle  of  the  left  heart  into  the 
left  lobe.  As  for  the  other  circulation,  either  the 
aort^  of  both  hearts  might  be  united,  and  form 
but  one,  or  the  aorta  of  the  right  heart  furnifhed 
blood  to  the  parts  of  the  right  fide,  and  that  of 
the  left  heart  to  the  left  fide ;  or  both  diftributed 
themfelves  equally  through  the  whole  body,  fo 
that  there  was  always  a  double  artery.  Befides, 
as  each  of  the  hearts  had  almoft  as  much  force  as 
one  Tingle  heart,  this  pullet  had  twice  as  much 
life  as  another,^  and  if  one  heart  failed  it,  it 
would  have  another  to  fupply  the  place.  This 
confirmation,  which,  according  to  what  has  been 
feen,  is  probably  not  very  rare  in  this  fpecies, 
cannot  be  impofiible  in  men,  and  perhaps  it  has 
already  produced  Tome  ph^enomena,  which  have 
confounded  the  natural  ids. 

V.  Of  the  legs  of  the  fea-ur chins, 

Natiiralifis  think  that  the  fpines,  with  which 
the  Tea  urchins  are  furrounck:d,  ferve  them  to 
walk  upon  rnftcad  of  legs.  But  M.  Gandolphe 
having  obferved  at  Marfeilles  that  thefe  animals 
v/alked  pretty  quick  at  the  bottom  of  the  Tea,  has 
difcovercd,  that  this  motion  is  not  executed  by 
their  fpines,  but  by  legs  difpofed  about  their 
mouth,  which  is  always  turned  agaiuft  the  bot- 
’  tom  of  the  Tea ;  thefe  legs  immediately  difip- 
peared  as  Toon  as  the  urchins  are  taken  from  the 
bottom  of  the  water,  and  thence  came  the  com¬ 
mon  error.  It  was  known  that  they  walked, 
and  they  were  not  feen  to  have  legs,  becaufe  they 
had  not  been  feen  walking  in  the  fea.  They  are 
like  thofe  of  a  flat  infedf,  called  the  fca-Jlar^ 

which 
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.  which  M.  Gandolphe  has  ftudied  at  'Dunkirk^  and 
has  promifed  a  defcription  of  it,  which  pro¬ 
bably  we  fhall  never  fee;  for  the  academy  have 
been  informed  of  his  death  this  year,  and  are 
afraid  of  iofing,  with  fo  good  a  correfpondent,  a 
great  many  fine  obfervations. 


S 
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Philosophical  Memoirs  of  the  Roval 
Academy  of  Sciences  at  Paris^  for 
the  Year  1709. 

I.  Obfervations  on  the  quantity  of  rain  'which 
jell  at  the  obfervatory  during  the  year  1 708, 
'with  the  alterations  'which  happened  to  the 
thermometer  and  barometer^  'with  regard 
to  the  heat  and  feajbns,  by  Af.  de  la  Hire. 

H  E  quantity  of  rain,  which  fell  during  the 
J[  year  1708,  was  in 


Jan. 

Lines. 

28t 

July 

Lines. 

32 

Feb. 

*5 

Aug. 

158 

March 

*  5« 

Sept. 

12 

April 

J7t 

O^ob. 

.  15 

May 

3ot 

Nov. 

June 

231 

Dec. 

9f 

l  ocal  219  lines  or  18  inches 
This  quantity  of  water  is  not  very  far  from  19 
inches,  to  which  we  have  fixed  the  mean  years; 
and  as  M.  Mariotte  had  formerly  determined  by 
like  obfervations,  which  he  had  caufed  to  be  made 
at  Dijon  by  one  of  his  friends. 

The  greateft  quantity  of  rain  that  fell  in  one 
day,  was  but  10  lines  about  May  24,  and  051.  20; 
and  with  an  almoft  north  wind,  which  is  obfer- 
vable  ;  for  this  wind  feldom  brings  us  the  greateft 
rain. 

The  prevailing  wind  of  this  whole  year,  was 
the  loutii,  and  k  feldom  turned  towards  the  north, 
2  and 
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srxl  often  to  the  eafb  and  weft.  There  were  grea-t 
fogs  both  at  the  beginning  and  end  of  this  year. 

There  fell  three  inches  of  fnow,  Feb.  14,  and 
about  as  much  Nov.  14,  and  a  little  Dec.  5. 

During  the  whole  year  there  were  leveral 
ftorms,  but  not  very  violent. 

My  thermometer,  which  is  at  48  parts  of  its 
divifion,  in  the  mean  ftate  of  the  air,  ahd  at  the 
bottom  of  the  caves  of  the  obfervatory,  where  it 
always  remains  in  the  lame  ftate,  being  expofed 
in  an  open  place,  but  fheltercd  from  the  wind  and 
fun,  was  at  the  lowed  at  the  beginning  of  the 
year,  F^b  13.  at  27  parts  | ;  and  it  begins  only 
to  freeze  in  the  country  when  it  is  at  32  parts, 
which  (hews,  that  it  was  no  very  great  cold  at 
that  time  •,  for  before  that  day,  and  afterwards, 
it  was  always  towards  35  or  40  parts.  At  the 
end  of  the  year,  on  Ocl.  29,  it  froze,  the  ther¬ 
mometer  being  at  29  parts,  but  without  continu¬ 
ing  *,  and  the  whole  month  of  November  was 
pretty  mild  in  proportion  to  the  feafon.  The 
thermometer  fell  alfo  to  25  parts  Dec.  12;  and 
on  this  day  was  the  hardeft  froft  of  the  whole 
year,  which  was  not  very  confiderable,  for  the 
thermometer  fometimes  falls  to  13  parts. 

The  greateft  heats  of  this  year  were  Aug.  15 
and  16,  as  ufual ;  the  fpirit  of  the  thermometer 
rifing  to  66  parts  \  towards  fun-rifing,  and  to  76 
parrs  about  3  in  the  afternoon.  Thus  the  heat 
and  cold  of  this  year  were  nearly  at  the  fame  de¬ 
gree  with  regard  to  the  mean  ftate. 

My  barometer  was  at  the  lowed  at  26  inches 
9  lines  I  Jan.  10,  with  a  moderate  fouth-eaft 
wind,  as  it  was  on  the  days  before  and  after  ;  and 
it  was  at  the  higheft  Nov.  17,  at  28  inches  i 
line  I  with  a  low  north  north-eaft  wind,  and  on 
the  days  before  and  after  towards  the  fouth ; 

S  2  lb 
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fo  that  the  ditference  between  the  lowed  and  the 
highed  was  i  inch  4  lines  |  nearly.  I  have  alfo 
another  barometer,  in  which  the  quickfilver  keeps 
up  at  three  lines  higher  than  in  that  which  I  make 
ufe  of  to  mark  my  common  obfervations  every 
day,  though  thefe  2  barometers  make  light  in  the 
vacuum  by  agitating  the  quickfilver,  which  diews 
there  is  no  air  in  them,  or  very  little  in  propor¬ 
tion  to  what  is  commonly  thought.  Thus  this 
difference  of  heighth  mud  come  only  from  the 
different  weight  of  the  quickfilvers. 

I  obferved  the  declination  of  the  magnetical 
needle  Dec,  27,  and  found  it  to  be  10"  15'  to  the 
wed.  This  needle  is  8  inches  long,  and  is  that 
which  I  always  ufe. 


II.  0^- 


^  i 
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II.  Obfervatio?is  on  the  quaritity  of  rain  water 
and  on  the  windsy  by  M.  le  Comte  du 
Pontbriand,  at  his  cajtle  2  leagues  weffrom 
St.  Malo ;  communicated  to  the  academy  by 
M,  du  Torar  oj  the  academy ^  and  com-- 
pared  with  thofe  which  we  have  made  at  Pa¬ 
ris,  at  the  royal  obfervatory ^  during  the 
years  1707  and  1708,  by  M,  de  la  Hire 


Quantity  of  rain-water. 


In  1707. 

At  Pontbriand,  At  Paris. 

Lines.  Lin. 


In  1708. 

At  Ponthriand.  At  Parls^ 

t 

Lines.  Lines. 


Jan.  — 

9l 

5 

Peb. 

- 20f - 

— 10 

March — 

- 2  2  < — 

—  u 

Aoril 

...  4 

7 

4 

May  — 

—  6| 

—  iiF 
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3I4  • 

—17 

•  July  — 

40 

-38 

Aug.  — 

3S 

344 

Sept.  — 

- 207' - 

94 

Oft. 

32 

41 

Nov.  — 

—  loi — 

6 

Dec.  — 

57i 

—274- 

Inch.  Lin. 
Total  at  Pontihrand  24  io| 
Paris  17  Ilf 


35 

i8i 

22f 

367 

267 


24 

10 

6\ 


1 1 


28 

15  ^ 

16 
Vi 

‘23t‘ 

•32 

12 

15 

6f 
'  9+ 


Inch.  Lin. 
Total  at  Pcntbriand  24  6 
Paris  i8f 


Some  like  obfervations,  which  M.  le  Ccmte  du 
Ponthriand  had  communicated  to  ua  before, 
fhewed  that  it  rained  a  little  more  towards  iS"/,  Mala 
than  at  Paris.,  which  is  confirmed  by  the  2  years 
which  we  have  jufi:  compared, 


*  Fe  9.  1709. 
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On  the  winds  in  lyoj. 

•  In  Jan,  the  winds  were  generally  more  to  the 
S.  at  Paris  than  at  Pontbriand^  by  ,a  quarter  of 
the  compafs. 

In  Feb.  almofl:  the  fame. 

In  March  the  quite  contrary  to  the  preceding 
months.  ' 

In  April  much  the  fame  as  in  Jan, 

•  In  May  the  winds  were  different  in  thefe  two 
places. 

In  June  pretty  much  alike  *,  but  fometimes 
more  to  the  S.  at  Paris  than  at  Pontbriand^  by  a 
quarter  of  the  compafs. 

•  In  July  the  wind  almoft  the  fame,  with  very 
great  heats,  the  21ft  at  Paris^  TCh'dXPonibriand^xF.z 
wind  bei{}g  S.  E.  S.  and  S.  W. 

In  Aug,  pretty  often  more  to  the  S.  at  Paris 
than  at  Pontbriand. 

In  Sept,  the  winds  a  little  different  -in  thefe  two 

•  ^ 

In  0^,  fometimes  the  fame,  and  fometimes 
oppofite. 

In  lAov,  often  the  fame,  but  at  Paris  fome¬ 
times  more  to  the  S.  than  at  Pontbriand.  ’ 

In  Dec,  often  the  fame,  Ibn-tetimes  oppofite, 
but  often  at  Paris  more  to  the  S.  than  at  Pont- 
hriand. 

At  Pontbriand  the  greatefl  rain  on  the  fame 
day  was  10  lines  July  wkh  a  N.  E.  wind: 
that  day  the  wind  at  Paris  was  S.  W.  with  thun¬ 
der,  but  witlrout  rain.  In  all  the  reft  of  the 
year,  the  greateft  rains  on  the  ftme  day  rofe’but 
to  6  lines  at  Pontbriand.  But  at  Paris  the  fain 
was  16  lines  July  15,  with  a  ftrong  wind  to*- 
wards  the  S;  but  at  Pontbriand  there  fell  but 
5  lines  and  lialf,  v/ith  the  fame  wind  that  day 

Ac 
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At  Paris  the  gtewft  raifi  was,  ii  lines  |  Aug, 
12,  with  a  low  wind  towards  die  W.  and  at 
P.oYLtkriani  5  lines,  with  a  N.  wind.  In  051,  at 
Parisy  the  4th  aini  5th  together  gave  24  lines, 
with  a  wind  tov^ard  the  W.  and  at  Ponthriand 
C  lines  with  a  N.  W.  wind. 

T 

Ok  the  winds,  in  i  "jp% 

In  Jan,  the  wind  more  to  the  S.  at  Paris  than  at 
Pontbri^ndy  and  fometimes  the  fame.  • 

Ia  Peb.  often  the  fame. 

In  March  generally  the  fame. 

In  April  the  ftme,  but  on  feme  days  a  little 
different. 

In  May  at  Ponthjiandy  the  night  between  the 

6th  and  7th  a  fharp  froft,  which  blafled  all  the 

trees ;  but  at  P^w  fine  w^eather  :  the  winds  dif- 
^  % 

ferent. 

In  June  the  winds  different,  and  at  Paris  u- 
fually  more  to  the  S. 

In.  July  very  few  obfervations  at  Ponthriand,^ 
fo  that  nothing  is  difeovered  of  the  difference. 

In  Aug,  more  to  the  S.  at  Paris  than  at  Pont- 
hr  i  and. 

In  Sept,  as  in  Aug, 

In  051,  the  winds  different  in  thefe  two  places, 
in  hPov.  a  little  different. 

In  Dec,  the  fame. 

We  cannot  make  a  very  juft  comparifon  of 
all  thefe  winds;  for  M.  du  Ponthriand  marks  the* 
rhumb  only  on  thofe  days  when  it  rained. 

At  P  ontbrrand  the  greateft  rain  on  one  day 
was  but  9  lines  ;  the  20  and  27  of  Odfobery 
the  wind  being  S.  E.  and  S.  W.  and  8  lines  A- 
'prid%Zy  with  a  S.  E.  wind.  Obi,  20,  zt  Paris^  it 
rained  10  fines,  with  a  ftrong  N.  wdnd.  On  the 

27  th, 
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•27th,  zx.  Parts  no  rain;  wind  April  22,  at 
Paris  no  rain,  foggy. 

•At  Paris  the  greateft  rain  on  one  day  was  ii 
lines  I,  May  24,  with  a  N.  N.  W.  wind,  and 
at  Pontbriand  4  lines  with  a  N.  W.  wind.  At 
Paris  9  lines,  July  2,  wind  S.  W.  at  Pont- 
hriand  no  rain.  At  Paris  again,  10  lines  0^^, 
20,  as  was  marked  above. 

III.  Obfervations  on  the  water  which  fell  at 
Lyons,  during  the  year  1708,  by  M,  de 
la  Hire 


F.  Fulchiron  has  obfcrved  exa6lly  the  quantity 
of  rain  water,  and  melted  fnow,  which  fell  at 
Lyons  at  the  obfervatory  of  the  jefuits,  and  in 
the  fame  manner  that  I  obferve  here  ;  of  which 
this  is  the  refult  of  each  month  which  he  has  com¬ 
municated  to  me. 


In .  Lin,  In,  Lin. 


Jan. 

2 

0 

July 

I 

6+^ 

Feb. 

3 

7i 

Aug. 

3 

6 

March 

2 

3? 

Sept. 

7 

7i 

April 

'  3 

9t 

061. 

1 

1 1 

May 

2 

^8- 

Novem. 

0 

10 

June 

4 

10^ 

Dec. 

2 

Ii 

Sum  of  the  whole  year  36  inches,  9  lines. 


We  fee  by  this,  that  the  quantity  of  rain  water 
at  Lyons  was  double  what  it  was  at  Pari s ;  and  it 
is  not  probable,  that  this  comes  from  the  two 
great  rivers  which  flow  by  it,  and  at  moll  could 
,  only  form  a  great  many  fogs ;  but  rather  from 
the  great  mountains,  which  are  but  little  diftant 

*  April  13,  1709. 

from 
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from  it,  where  there  always  falls  much  more 
water  and  fnow  than  in  the  plains. 


IV.  A  comparifofi  of  the  barometrical  obfer^ 
nations  made  at  Paris  and  at  Zurick,  ditr-^ 
ing  the  firjl  fix  months  of  the  year  1708, 
by  M.  Maraldi. 


M.  Schenchzer  has  fent  to  the  academy  a  me¬ 
moir,  wherein  are  fcvcral  obfervations,  which  he 
has  made  at  Zurich  daring  the  firft  fix  months  of 
the  year  1708,  on  the  barometer,  thermometer,, 
winds,  conlticution  of  the  air,  quantity  of  rain, 
which  lias  fallen,  and  on  the  augmentation  and 
diminution  of  the  L^mat^  a  river  which  pafTes  by 
Zurick.  They  were  made  every  clay  of  the  month, 
and  often  twice  on  the  fame  day.  To  all  thefe  ob¬ 
fervations  he  adds  others  at  the  end  of  each  month, 
upon  the  difeafes,  which  prevailed  during  ^that 
month. 

For  the  barometrical  obfervations,  he  made 
ufe  of  two  tubes,  one  upright,  tl^  other  inclined, 
in  which  the  motion  of  the  qiaickfilver  is  twice  as_ 
fenfible  as  in  the  upright  one.  Thefe  heights  are 
divided  into  inches  and  lines  of  the  Paris  foot, 
Thefe  two  barometers  (;rfien  agree  together  but 
fometimes  there  is  a  di-fference  of  4  lines.  In  the,, 
com  pari  fon  which.  v<e  ha  ve  made  of  thefe  obfer¬ 
vations  with  our  own,  we  have  made  ufe  of  the 
ixprighc  barometer.  meafurc_  the  rain,  he, 

lays,  lie  made  ufe. of  the  methocl  of  the  academy 
iind  of  the  Paris  meafure.  He  alfo  ufed  the  fame. 


meafure,  to  know, tffc^ augmentation  and  diminu¬ 
tion  of  the  Limat. 


Jan.  I,  the  barometer  was  at  the  obfervatory 
ox  27  incites,  5  lines,  the  wind  being  S,  Ax  Zu¬ 
rick.,  with  the  fame  wind,  the  barometer  was  at 
voL.  ui.  28./  •  't'  ■  2b; 
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26  inches,  3  lines ;  fo  that  the  difference  between 
the  obfervatory  and  Zurich  was  i  inch,  2  lines, 
by  which  the  quickfilvcr  was  highelt  at  the  ob¬ 
fervatory.  The  moft  common  and  mean  diffe¬ 
rence  is  I  inch,  4  lines.  •  A’fter  i,  the  ba¬ 
rometer  rofe  in  both  places  till  the  3d,  and  then 
fell  till  the  loth,  when  it  was  at  Paris  at  26  in¬ 
ches,  10  lines  I,  at  Zurich^  at  25  inches,  ii 
lines,  which  are  almoft  the  lowed  to  which  it  falls 
at  either  place  *,  tlius  it  had  fallen  about  6  lines: 
in  this  interval  the  wind  was  at  Paris  S.  or  S.  W: 
at  Zurich  it  was  at  the  fam.e  time  almoft  quite  op- 
pofite  that  is,  N.  or  N.  W.  I'he  barometer 
rofe  the  reft  of  the  month.  At  Paris  the  19th 
and  20th,  there  were  very  violent  S.  W.  winds. 
M.  Scheuchzer  obferves  alfo,  that  on  the  19th 
there  was  a  ftrong  S.  W.  wind  •,  and  adds,  that 
on  the  25th  at  TO  p.  m.  there  was  a  very  vio¬ 
lent  wind,  which  threw  down  a  great  many 
chimneys.  His  thermometer  was  Jan.  29,.  at 
10  degrees,  which  is  the  loweft  to  which  it  fell. 
During  the  month  of  Jan.  it  rained  at  Zurich 
t8  lines  I  ;  at  Paris  it  rained  above  34  lines. 
The  diminution  of  the  Limat  was  9  inches,  the 
augmentation  two. 

At  the  beginning  of  Feh.  the  barometer  being 
very  low  at  both  places,  it  rofe  from  the  6th  to 
the  9th,  in  3  days,  a  little  more  than  10  lines  at 
Paris^  and  8  lines  at  Zurich',  it  then  fell.’till  the 
I  6th,  and  afterwards  rofe  till  the  2 2d,  being  as  it 
had  been  Feh.^,  at  Paris  at  28  inches,  i  line,  at 
Zurich  at  26  inches,  8  lines,  which  are  almoft 
the  greateft  heights  to  which  it  ufually  rifes.  Dur¬ 
ing  the  month  of  Feh.  there  generally  prevailed 
the  fame  N.  and  N.  W.  wind  at  Paris  and  at 
Zurich,  and  in  both  thefe  cities  there  fell  the 
fame  quantity  of  rain,  that  is,  19  lines.  The  di- 
j  M  ,  .  ,  .  .  minution 
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rninution  of  the  water  of  the  JJynat  in  height  was 
9  inches  and  the  augmentation  i  inch 

There  happened  feveral  variations  in  the  height 
of  the  barometer  in  the  month  of  March^  and 
thefe  variations  happened  on  the  fame  days,  and 
were  almofl:  the  fame  at  Paris  and  at  Zurich  It 
continued  elevated  the  two  firft  days,  and  funk 
tlie  third  :  it  role  the  three  following  days,  and 
funk  again  till  the  eleventh.  After  having  rifen 
till  the  fixteenth,  it  funk  a  third  time  till  the 
twenty-fecond.  The  wind  was  N.  at  Paris^  and 
N.  W.  at  Zurich.  It  rained  at  both  places  17 
lines.  The  augmentation  of  the  Limat  was  5  in¬ 
ches,  equal  to  the  diminution. 

April  10,  at  Paris.,  the  barometer  was  at  27 
inches  2  lines  with  a  weft-wind  *,  at  Zurich., 
it  was  25  inches  1 1  lines,  with  a  north-wind.  The 
barometer  rofe  a  little  the  following  day  in  both 
cities,  and  it  funk  again  the  1 2th  at  Zurich  and  at 
Paris.,  where  it  continued  to  fall  again  the  13th 
with  a  violent  fouth-wind.  It  rained  in  April  26 
lines  at  Paris  ;  and  52  lines  at  Zuri  r^.The  Li¬ 
mat  increafed  24  inches,  and  fell  but  |  an  inch. 

The  days  that  the  barometer  continued  higheft 
in  May  at  both  places  were,  the  7,  8,  9,  and  28th, 
and  the  days  that  it  fell  moft  were  the  1 6th  and 
17th.  The  fime  at  both  places.  It  rained  in 
Ma)\  at  Paris,  27  lines  \\  at  Zurich,  21  lines  f. 
The  diminution  of  the  Limat  was  4  inches,  and 
the  augmentation  18. 

During  the  month  of  June,  the  barometer  ge¬ 
nerally  continued  at  a  great  height,  except  the 
4,  27,  and  30th,  when  it  was  at  Paris  at  27 
inches  5  lines,  at  Zurich  26  inches  i  line.  The 
clays  that  it  continued  at  the  higheft  were  the 
14th  and  15th,  being  at  Paris  at  28  inches,  and 
at  Zurich  at  26  inches  5  lines.  It  rained  at  Paris 
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25  lines  I,  at  Zurich  66  lines  j.  The  augmen¬ 
tation  of  the  Limat  21  inches,  the  diminution  7. 

The  greateft  height  to  which  the  barometer 
rofe  in  the  6  firft  months  of  this  year  was  at 
Paris ^  on  the  9th  and,  2  2d  of  FeP  to  28  inches 
1  line  *,  and  the  leaft  height  to  which  it  fell,  was 
Feb.  I,  when  it  was  at  26  inches  10  lines.  So 
that  the  variation  from  the  greatell  to  the  leall 
heighth  was  i  inch  3  lines  at  Paris,  hi  Zurich 
the  greatefi;  height  was  26  inches  8  lines,  Feb.  9, 
and  21.  The  lead:  was  25  inches  1  )  lines,  Feb.  i. 
The  difference  is  9  lines,  being  lels  by  6  lines 
than  what  happened  at  Paris. 

A  comp ari fan  of  the  barometrical  ohfervations  made 

at  Paris,  a7id  at  Zurich,  the  6  lajt  months  of 
'  the  year  1708. 

In  fuly  the  barometer  generally  continued  at  a 
great  height  at  both  places  j  it  was  at  a  mean  height 
only  on  the  6th  and  7th,  being  at  Paris  at  27 
inches  7  lines;  -.M  Zurich  at  26  inches  2  lines  \ 
and  3  lines;  fo  that  the  difference  was  i  inch  4 
lines,  as  we  have  already  concluded  by  other  com- 
parifons.  The  wind,  which  prevailed  at  the  fame 
time  in  thefe  two  cities,  has  generally  been  dif¬ 
ferent,  and  often  oppofite.  It  was  the  fame  only 
for  4  days,  the  i  ith,  the  i8th,  and  the  2 2d,  being 
in  both  places  north-eaft,  and  the  i6th  feuth- 
weft.  The  thermometer  was  the  highefl:  at  Zu¬ 
rich  the  28th,  at  Paris  the  29th.  In  July  it 
rained  at  Paris  28  lines,  at  Zurich  48.  The  wa¬ 
ters  of  the  Limat  augmented  10  inches,  and  di- 
minifhed  16;  thus  M.  Scheiichzer  ftys,  that  the 
augmentation  of  the  rivers  does  not  anfwer  to  the 
quantity  of  rain,  fince  the  Limat  diminidied  more 
than  it  increafed,  tho’  there,  fell  a  great  quantity 
of  rain  during  the  month  of  July. 
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la  Au^.  the  variation  which  happened  to  the 
height  of  the  barometer  was  4  lines  at  Paris^  and 
3  at  Zurich,  The  winds  were  moft  part  of  die 
time  very  different  in  thefe  2  cities.  The  day 
that  the  thermometer  role  the  higheff,  was  the 
15th  at  Partss  the  fame  as  at  Zurich.  It  rained 
at  Paris  22  lines  f,  at  Zurich  35  lines  T  The 
wafers  of  the  Limat  increai'ed  3  inches  in  height, 
and  dim  in  idled  22  inches. 

In  Sept,  the  day  that  the  barometer  was  the 
highelf ,  was  the  firft,  both  at  Paris.,  and  at  Z«- 
rtch ;  and  the  day  that  it  fell  the  lowed:,  was  the 
26th  at  both  places.  The  lOth,  a  fourh-eaft 
wind  prevailed  in  both  places  ;  the  20th,  afouth^ 
weft  wind  ;  the  21ft,  a  fouth  wind:  on  the  other 
days  the  winds  were  different.  Trained  at  Paris 
12  lines,  at  Zurich  The  Limat  diminiftied 
1  2  inches  without  having  increafed. 

In  Ocl.  the  barometer  continued  higheft  the 
6th  and  yth,  the  i8th  and  the  19th,  both  at  Paris^ 
and  at  Zurich.  During  almoft  the  whole  month 
there  were  north,  north-eaft,  or  north- weft  winds, 
it  rained  at  Paris  14  lines  f,  at  Zurich  27 
lines  7.  The  perpendicular  height  of  the  waters 
of  the  Limat  diminiftied  10  inches  without  having 
increafed. 

In  Nov.  the  days  that  the  barometer  was  the 
higheft,  were  the  ift,  and  the  19th,  the  fame  at 
Paris  and  at  Zurich  ;  and  the  day  that  it  fell  the 
loweft  at  both  places  was  the  23d.  The  fame 
wind  prevailed  the  24th  and  26th.  The  coldeft 
day  was  the  25th  at  both  places.  It  rained  at 
Paris  5  lines  j,  at  Zurich  7.  The  diminution  of 
the  Limat  was  6  inches  ivithout  having  increafed. 

In  Dec.  the  14th  wais  the  day  that  the  barome¬ 
ter  was  the  loweft  in  both  places.  The  days  that 
thethermoitieter  was  the  loweft,  were  at  Paris 

the 
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the  nth  and  14th,  at  Zurich  the  12th  and  the 
29th.  There  was  no  day  when  the  wind  was  the 
lame  in  both  places.  It  rained  at  Paris  9  lines 
2lX.  Zurich  it  rained  21  lines  The  diminution 
of  the  Limat  was  4  inches  without  augmentation. 

The  total  fum  of  the  raiw  which  fell  at  Paris, 
according  to  our  obfervations,  was  20  inches  one 
dine;  that  which  {(t\\  Z^urick  is  inches;  fo 
that  there  fell  almoft  \  of  rain  more  at  Zurich, 
than  at  Paris.  M.  Scheuthzer  thinks  it. rains 
more  in  SwiJJerland,  than  in  France,  becaufe  of 
the  great  quantity  of  mountains,  where  the  clouds 
being  driven  by  the  winds,  commonly  pour  down 
in  rain  and  fnow.  The  great  quantity  of  rivers 
‘which  proceed  from  thefe  mountains,  give  room 
alfo  to  imagine  that  the  rain  falls  there  in  greater 
'abundance.  He  thinks  alfo,  that  there  falls  more 
rain  in  the  countries  near  the  fea,  than  in  thofe 
‘which  are  inland.  He  fays,  that  at  Upminfter, 
*\vi  England,  according  to  Dr.  Derkani^s  obferva¬ 
tions,  it  rains  19  inches  of  water,  when  at  Townley 
'in  Lancajhire,  there  fall  39  inches. 

In  the  6  firfl  months  of  the  year  1708,  the 
augmentation  of  the  waters  of  the  Limat  was  7  i 
inches  | ;  the  6  lafl;  it  was  1 3  ;  and  the  total  augc- 
mentation  84  inches  The  diminution  during 
the  6  firft  months  was  35  inches,  and  67  in  the 
”"6  laft.  The  total- diminution  102  inches,  greater 
‘'by*  16  inches  than  the  augmentation. 

M.  Scheuchzer  fays,  that  -the  augmentation  of 
the  waters  in  the  rivers  of  Swijjerland  comes 
chiefly  from  the  melting  of  the  fnows  upon  the 
'mountains,  which  appears  by  fevcral  torrents  of  that 
*  country,  and  in  particular,  by  thofe  which  be 
calls  Taminna,  the  waters  of  which  increafe  every 
'  evening,  in  fummer,  often  to  a  foot  in  height, 
tho’^ichas  not  rained-all  the'day.  *From  the  di¬ 
minution 
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minution  of  the  waters  of  tlie  Limat  being  greater 
than  the  augmentation,  M.  Scheuchzer  infers,  that 
his  country  is  colder  than  that  which  is  farther 
from  the  Alps^  where  it  is  winter  the  greateft  part 
of  the  year,  there  being  in  SwiJJerland  but  two 
months  of  fummer,  which  ought  rather  to  be 
called  a  fpring.  -  .  . 

V.  Ohfervatio7is  o?t  the  motions  oj  the  tongue 
of  the  mod-pecker  ^  by  M.  Mery 

In  order  to  give  a  more  juft  explanation  of  the 
motions  of  the  tongue  of  the  wood-pecker,  than 
that  which  appears  in  the  works  of  M.  Borelli  and 
M.  PerrauU^  I  fhall  deferibe  more  exadrly  than 
they  have  done  all  the  parts  on  which  its  motions 
depend. 

■  Notwithftanding  the  tongue  of  this  bird  feems 
to  be  very  long,  yet  its  proper  length  is  certainly 
but  3  or  4  lines ;  for  that  of  the  body  and  branches 
of  the  os  hyoides^  which  thefe  authors  have  aferib- 
ed  to  it,  do  not  belong  to  it  in  anatomical  ftri^- 
nefs. 

The  tongue  of  the  wood  pecker  is  made  of  ^ 
very  fhort  little  bone,  covered  with  a  horn  of  a 
fcaly  I'ubftance :  its  figure  is  pyramidal  *,  it  is 
articulated  by  its  bafe,  with  the  anterior  extre¬ 
mity  of  the  os  hyoides. 

The  os  hyoides  is  about  2  inches  long,  and  \  a 
line  thick  ;  it  is  articulated  by  its  pofterior  extre¬ 
mity,  with  2  bony  branches  more  (lender  than  its 
body.  Each  branch  is  compofed  of  2  bony  threads 
of  unequal  length,  joined  together,  and  clofed  at 
the  end.  The  foremoft  thread  is  but  i  inch  \ 
long ;  the  hinder,  which  was  unknown  to  M. 
Borelliy  is  5,  or  thereabouts,  being  united  to  a 
*  March  13 .  1709. 
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little  cartilage  which  terminates  it ;  To  that  each 
branch  is  3  times  as  long  as  the  body  ot  the  os 
hyoides  and  that  of  the  tongue  together.  I'hefe 
branches  which  belong  to  the  os  hyoides^  are  bent 
in  form  of  an  arch  ;  the  middle  of  which  occii- 
pies  the  fidcs  of  the  neck,  the  anterior  extremities 
pafs  under  the  beak,  and  arc  terminated  in  the 
body  of  the  os  hyoides  ;  their  poilerior  extremities 
pafs  over  the  head,  and  enter  the  nofeon  the  right 
fide ;  but  it  is  obfervabje,  that  they  are  not  arti¬ 
culated  to  it  *,  which  contributes  very  much  to  the 
egrefs  of  the  tongue,  as  I  fhall  fhew  hereafter. 

The  os  hyoides  and  the  anterior  thread  of  its 
branches,  are  inclofed  in  a  (heath,  formed  of  the 
membrane  which  lines  the  infide  of  the  lower  beak. 
The  extremity  of  this  (heath  is  united  to  the  open¬ 
ing  of  the  fcaly  horn  of  the  tongue.  This  flieath 
is  prolonged,  when  the  tongue  comes  out  of  the 
beak,  and  contracts  when  it  returns. 

The  fcaly  horn,  which  covers  the  little  bone  of' 
the  tongue,  is  convex  above,  plane  underneath, 
and  hollow  on  the  infide  :  it  is  armed  on  each  fide 
with  6  very  fine,  tranfparent,  and  inflexible  points:, 
their  extremity  is  a  little  turned  towards  the  throat. 
It  is  probable  that  this  horn,  armed  with  thefe. 
little  points,  is  the  inftrument  with  which  the 
wood-pecker  catches  its  prey  *,  which  he  does, 
with  fo  much  the  more  eafe,  as  this  inftrument 
is  always  lubricated'  with  a  glutinous  matter, 
which  is  poured  into  the  extremity  of  the  lowen 
beak  by  2  excretory  dubfs,  which  go  from  2  py¬ 
ramidal  glands  fituated  at  the  inner  fides  of  this, 
parr. 

To  make  ufe  of  this  inftrument,  nature  has  gi¬ 
ven  the  wood-pecker  feveral  raufcles,  of  •  which 
feme  belong  to  the  branches  of  the  os  hyoides 
iheie  draw  the  tongue  out  of  the  beak  others 
'  ‘  ‘  belong. 
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belong  to  the  fheath,  which  inclofes  the  body  of 
the  os  hyoides^  with  the  anterior  threads  ,of  its 
branches  *,  thofe  draw  the  tongue  into  the  beak. 
Laftly,  the  tongue  has  its  proper  mufcles^  which 
draw  it  up  and  down,  and  to  each  fide. 

Each  branch  of  the  os  byoides  has  but  i  mufcle, 
which  alone  is  as  long  as  the  tongue,  the  os  hy^ 
oides^  and  one  of  its  branches  together  ;  thefe  2 
mufcles  derive  their  origin  from  the  internal,  late¬ 
ral,  anterior  part  of  the  lower  beak,  and  in  re¬ 
treating  they  involve  the  pofterior  threads  of  the 
branches  of  the  os  hyoides^  and  pafTing  above  the 
head,  they  are  at  Lift  inferred  at  their  extremities, 
whence  proceed  2  elaftic  ligaments,  which  uniting 
together  form  a  third,  which  faftens  them  to  the 
membrane  of  the  nofe.  Thefe  ligaments  are  very 
fhort ;  but  are  eafily  prolonged  by  being  drawn. 
Now  as  the  refiftance  of  thefe  ligaments  may  eafily 
be  furmoLinted  by  the  contraction  of  thefe  mufcles, 
it  is  eafy  to  conceive,  that  when  they  contract, 
they  draw  the  pofterior  extremities  of  the  branches 
of  the  os  hyoides  out  of  the  nofe,  and  carrying 
them  away  on  the  fide  of  their  origin,  they  drive 
the  body  of  the  os  hyoides^  the  anterior  threads  of 
its  branches,  and  the  tongue  out  of  the  beak  ; 
which  they  could  not  have  done,  notwithftanding 
the  great  ftexibility  of  the  os  hyoides^  if  its  branches 
had  been  ftrid:lv  faftened,  or  articulated  with  the 
bones  of  the  nofe  *,  for  tho’  the  arches,  which 
they  dcfcribe,  may  be  extended,  they  could  not 
have  been  fudiciently  prolonged  to  drive  the 
tongue  4  inches  out  of  the  beak  •,  which  they  do 
with  fo  much  more  eafe,  as  they  have  their  mo¬ 
tion  free  in  thefe  mufcles,  where  they  are  inclofed 
as  in  a  canal,  and  alfo  are  not  articulated  with 
the  bones  of  the  nofe. 
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To  draw  the  tongue  into  the  beak,  nature  haS 
given  to  the  flieath  which  inclofes  the  os  hyoideSy 
and  the  anterior  threads  of  its  branches,  two 
mufcles  to  pull  it  back  ;  and  becaufe  their  pro¬ 
longation  and  contra(5lion  muft  be  equal  to  thofe 
of  their  antagonifts  ;  fincc  the  tongue  makes  the 
lame  way  in  retreating  into  the  beak,  as  it  does 
in  going  out  of  it,  nature  has  taken  care  to  place 
thcfe  mufcles  in  the  little  fpace  which  is  between 
the  under  part  of  the  larynx  and  the  end  of  the 
beak,  to  caufe  each  of  them  to  make  two  circum¬ 
volutions  a  contrary  way,  about  the  upper  part, 
of  the  trachea^  whence  thefe  two  mufcles  draw 
their  origin  ;  after  which  they  crofs  one  another 
behind  the  larynx^  and  at  laft  line  the  iniide  of  the 
fheath  to  which  they  are  united ;  now  as  its  ex¬ 
tremity  is  joined  to  the  opening  of  the  fcaly  horn 
of  the  tongue,  it  happens  that  when  thefe  two 
mufcles  contradl,  they  pull  and  draw  this 
fheath  backward,  and  thus  drawing  the  tongue 
into  the  beak,  they  drive  back  the  pofterior  ex¬ 
tremities  of  the  branches  of  the  os  hyoides  into  the 
nofe.  The  3  elaftic  ligaments,  which  I  have 
mentioned,  ferve  alfo  to  draw  them  back  *,  for 
after  having  been  prolonged  by  the  mufcles,  which 
draw  the  tongue  out  of  the  beak,  they  contradt  as 
foon  as  thefe  mufcles  are  relaxed,  and  draw  into 
the  nofe  the  branches  of  the  os  hyoides^  to  which 
they  are  faftened. 

There  is  above  the  skull  a  groove,  which  with 
the  skin  forms  a  canal,  which  inclofes  the  hinder 
part  of  the  branches  of  the  os  hyoides^  with  their 
mufcles,  in  which  thefe  parts  have  their  motion 
free.  This,  canal  hinders  the  branches  of  the  os 
hyoides  from  receding  either  way  when  they  are 
drawn  forwards,  and  makes  them  eafily  refume 
their  place,  when  they  are  drawn  backwards. 

n 

:> 


If 


Royal  Academy  ^Sciences.  187 

If  we  do  but  reflect  on  the  length  of  the  tongue, 
the  os  hyoides^  and  its  branches  joined  together,  and 
on  the  origin  and  determinate  infertion  of  the 
mufcles,  which  make  the  tongue  of  the  wood¬ 
pecker  go  in  and  out  of  the  beak,  it  will  be  eafy 
to  judge  that  M.  Borelli  was  miftaken  ;  for  if  we 
confider,  that  the  tongue  of  this  bird,  the  os  by- 
oideSy  and  the  branches  joined  together,  are  8  in¬ 
ches  in  length,  and  that  of  this  length'there  comes 
4  inches  out  of  the  beak  when  it  is  drawn,  v/e  fhall 
eafily  conceive,  that  the  tongue  making 'the  fame 
way  in  retreating,  as  it  did  in  going  out,  the 
mufcles,  which  pull  it  backwards  and  forwards, 
muft  each  of  them  have  prolongations  arid  con¬ 
tractions  of  4  inches,  and  that  confequentfy  they 
muft  be  above  4  inches  long,  not  being  aWe  to 
contract  their  entire  length.  Thus,  of  the  i}.  'firft: 
mufcles,  which  M.  Borelli  allows  the  tongue  for 
its  motions,  two  taking  their  origin  from  the  ex¬ 
tremity  of  their  lower  beak,  and  the  two  frorrii 
the  fore  part  of  the  skull,  and  all  the  four  being 
inferred  into  the  middle  of  this  length  of  8  inches, 
it  is  vifible,  that  thefe  mufcles  could  never  have 
fuch  an  effeCl,  fince  at  moft  they  would  be  each 
of  them  no  more  than  4  inches. 

M.  Borelli  would  not  have  fallen  into  this  opi¬ 
nion,  if  he  had  obferved  that  the  two  mufcles, 
which  rife  from  the  beak,  run  through  the  whole 
extent  of  the  body  and  branches  of  the  os  hyoides. 
His  miftake  therefore  comes  from  having  divided 
each  of  thefe  mufcles  into  two,  and  from  having 
known  that  the  anterior  threads  of  the  branches  of 
the  os  hyoides^  at  the  end  of  which  he  places  the  in¬ 
fertion  of  the  four  firft  mufcles  of- the  tongue, 
which  he  hasdeferibed.  As  forthofe,  which  turn 
about  the  trachea^  he  knew  the  true  ufeof  the.m* 
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As  for  M.  Perrault^  he  was  much  more  mif- 
taken  than  M.  Borelli,  For  firft  he  makes  no 
mention  of  the  mufcles  which  incompafs  the  tra¬ 
chea^  and  yet  it  is  by  their  adlion'.  alone,  that  it 
is  withdrawn  into  the  beak.  Secondly,  he  makes 
M.  Borelli^  4  firft  mufcles  rife  from  the  larynx^ 
and  fends  two  of  them  to  the  pofterior  extremi¬ 
ties  of  the  branches  of  the  os  byoides^  and  the  other 
two  to  their  anterior  extremities,  to  draw  the 
tongue  in  and  out,  and  thereby  he  falls  into  the 
fame  inconvenience  with  M.  Borelli  ;  but  this 
miftake  is  the  greater,  as  there  goes  no  mufcle 
from  the  larynx^  to  be  faftened  to  the  branches 
of  the  os  hyoides. 

In  ftiort,  the  whole  inquiry  which  thefe  gen¬ 
tlemen  have  made  to  explain  the  motions  of  the 
tongue  of  the  wood-pecker,  is  terminated  in  the 
mulcles,  which  make  it  come  in  and  out  of  the 
beak.  It  does  not  appear,  that  their  anatomifts 
gave  themfelves  the  trouble  to  penetrate  farther 
'  into  its  ftrudlure  :  thence  it  comes  that  thefe  gen¬ 
tlemen  have  told  us  nothing  of  the  4  mufcles  pro¬ 
per  to  the  tongue  of  this  bird,  by  which  it  is 
moved  upland  down,  and  to  each  fide,  whether 
it  is  placed  within  or  without  the  beak. 

All  thefe  mufcles  derive  their  origin  from  the 
anterior  part  of  the  branches  of  the  0$  hyoides^  two 
from  one,  and  two  from  the  other,  and  are  ter¬ 
minated  each  of  them  in  a  long  fiender  tendon  ; 
thefe  four  tendons  embrace  the  body  of  the  os 
hyoides^  and  are  inferred  into  the  bafe  of  the  little 
bone  of  the  tongue.  When  all  thefe  mufcles  aft 
together,  they  hold  the  tongue  ftrait ;  when  the 
mufcles  of  the  upper  part  contraft  at  the  fame 
time,  they  draw  the  tongue  upwards ;  when  thofe 
of  the  under  part  are  in  aftion,  they  draw  it 
downwards.  But  when  two  mufcles  placed  on 

the 
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the  fame  fide  adl  together,  they  pull  it*  to  that 
fide. 

Now,  as  of  all  the  mufcles  which  ferve  for  the 
different  motions  of  the  tongue,  only  thefe  four 
lafl  are  inferted  into  it,  it  is  vifible,  that  the 
mufcles,  which  pull  it  in  and  out,  do  not  pro¬ 
perly  belong  to  it,  but  to  the  fheath  and 
branches  of  the  cs  byoides^  where  thefe  mufcles 
are  inferted  as  I  have  fhewn  ;  whence  it  follows, 
that  the  motions,  which  the  tongue  makes  going 
in  and  out  of  the  beak,  belong  alfo  to  thefe 
parts,  and  not  to  the  tongue,  fince  in  d^efe  two 
motions  it  may  remain  unmoveable. 

An  explanation  of  the  figures  in  Plate  III.  Fig.  i, 

2,  and  3. 

A.  The  tongue  of  the  wood-pecker. 

B.  The  proper  bone  of  its  tongue. 

C.  The  fcaly  horn  armed  with  points,  Ifi  which 
this  bone  is  received. 

D.  D.  D.  D.  The  four  proper  mufcles  of  the 
tongue. 

E.  The  body  of  the  os  hyoides. 

F.  F.  Its  two  branches. 

G.  G.  The  anterior  threads  of  thefe  branches. 

H.  H.  Their  pofterior  threads. 

I.  I.  The  two  glands,  which  emit  the  glutinous 
matter  to  lubricate  the  tongue. 

K.  K.  The  apertures  01  the  excretory  veflels  of 
thefe  glands. 

L.  The  membranous  fheath,  which  inclofes 

the  os  hyoides^  the  anterior  threads  of  its  branches, 
the  four  mufcles  of  the  tongue,  and  the  anterior 
part  of  the  two  mufcles,  which  draw  it  back  into 
the  beak.  ' 

M.  M.  The  two  mufcles,  which  pull  the  tongue 
out  of  the  beak. 

N.N, 
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N*’N.  The  two  mafcles,  which  pull  it  into  the 
beak. 

t 

»  « 

VI.  An  explarfation  of  fome  faffs  ih  opticks^ 
and  of  the  manner  in  which  vifioh  is  pdr^ 
formed^  by  M.  dc  la  Hire  -f*. 

We  know  that  the  pupil  of  the  eye  in  mofl  ani- 
fnals  ccntradls  with  a  ftrong  light,  and  opens  con- 
fiderably  in  the  dark.  It  is  eafy  to  fee  in  the 
dilTeftion  of  the  eye,  that  the  />/>,  which  is  per¬ 
forated  in  the  middle,  where  it  is  called  the  aper¬ 
ture  of  the  pupil,  is  a  circular  mufcle,  which  can 
contrad:  by  retreating  towards  its  circumference, 
which  then  increafes  the  aperture  of  the  pupil  ^ 
but  in  relaxing,  its  parts  return  from  the  centre  of 
the  pupil  by  an  elaftic  power;  and  this  is  what 
diminifhes  the  pupil. 

To  undeifland  rightly  how  this  change  can  be 
made  in  the  pupil  by  the  adlion  of  the  mufcle, 
we  muft  confider  that  the  body  of  this  mufcle 
is  toward  its  circumference,  where  it  is  f^ftened 
within  the  eye,  and  that  all  its  fibres  feem  to  tend 
from  the  circumference  toward  the  centre,  which 
they  do  not  reach  ;  for  they  are  terminated  at  the 
little  circle,  which  forms  the  pupil.  But  this 
mufcle  having  a  pretty  confiderable  thickhefs  to¬ 
wards  its  head,  if  its  fibres  recede  from  each  other 
according^  to  the  thicknefs  of  the  mufcle,  where 
there  ought  to  be  a  great  quantity  of  them,  their 
extremity  which  forms  the  pupil,  muft  draw 
nearer  to  the  head,  and  confequently  dilate  the 
pupil ;  but  when  the  adlion  of  the  mufcle  ceafes, 
the  fpring  of  the  fmie  fibres  may  replace  them  in 
tficir  firft  (late,  and  clofe  the  pupil ;  or  there 
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might  be  fome  elaftick  fibres  in  tfiis  mufcle, 
which  would  ferve  only  for  this  purpofe ;  or  lafily, 
we  might  imagine  another  mufcle  of  but  little 
thicknefs,  couched  upon  the  firfi:,  the  fibres  of 
which  would  be  circular,  and  ferye  it  fpr.  an  an- 
tagonill: ;  for  the  circular  fibres  of  this  mufcle^ 
receding  from  each  other  according  to  their  plane, 
would  clofe  the  pupil,  the  a^ipn  of  the  other, 
mufcle  having  ceafed  ;  and  this  opinion  feems  to 
me  the  moil  natural,  or  I  am.  moft  inclined  to 
follow  it. 

But  of  two  antagonift  mufgles  the  ftrongeft. 
will  always  prevail,  when  thered?  no  p^articul^r  de¬ 
termination  for  either :  whence  itj  follows,  that  if 
that  which  dilates  the  pupil  is  the,  ftrongeft,.  as-  it 
appears  to  be,  we  fhall  judge  that  the  natural  ftate. 
of  the  pupil  is  to  be  dilated* 

The  adion  of  opening  and  Ihutting.the  pupil  is 
not  of  that  kind  which  w,e  call  voluntary,  but, of 
that  which  is  neceflarily  performed  by  a  foreign 
caufe,  as  it  happens  to  feyeral  parts  of  the,  bodies 
of  animals. 

It  feems  probable,  that  a  very  great  light- 
making  too  ftrong  an  imprcflion  upon  the  bottom 
of  the  eye,  hurting,  and  in  a  manner,  burning  it, 
as  when  we  look  at  the  fire,  or  at  a  white  body 
expofed  to  the  fun,  obliges  us  immediately. to  clpfe 
the  pupil  as  much  as  pGflibJe,  to  receive  fewer 
of  thefe  too  luminous  rays,  and  to  remove  the 
danger  which  threatens  tfie  eye.  On  the  con¬ 
trary,  when  we  look  attentively  at  any  object:  in 
the  dark,  we  do  all  we  cap  to, fee  diftindtly,  and 
perfedly  todifeern  all  the-  parts  of  it,,  which  we. 
cannot  do  without  the  help,  of  a  pretty  vivid  light ; 
wherefore  we  dilate  the  pupil,  that  there  may 
enter  into  the  eye  a  greater  quantity  of  thefe 
feeble  rays,  which  altogether  will  make  a  ftronger 
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inipreflion  by  reuniting  themfelves  in  the  prin¬ 
cipal  organs  of  vifion. 

But  tlio’  we  are  expofcd  to  a  pretty  ftrong  light, 
we  do  not  always  clofe  the  pupil,  when  '  we  are 
attentive  to  look  upon  any  objedb,  the  image  of 
which  is  to  be  ftrongly  painted  on  the  bottom  of 
the  eye,  which  is  obfervable  in  thofe  animals, 
which  can  clofe  and  dilate  the  pupil  in  an  extraor¬ 
dinary  manner,  fuch  as  cats ;  for  when  they  are' in 
a  ftrong  light  and  quiet,  their  pupil  is  almoft 
quite  fhut ;  and  if  any  extraordinary  objed:,  which 
roufes  their  attention,  prefents  itfelf,  we  fee  them 
open  it  at  once  as  much  as  they  can. 

Nature  feems  to  have  given  a  particular  ftruc-  * 
ture  to  the  iris  of  this  fort  of  animals,  that  it 
fhould  not  clofc  circularly,  but  fidewife,  that  it 
may  open  readily  and  confiderably  in  the  dark, 
where  they  moft  often  feek  their  nouriftiment.  ' 

What  attention  foever  we  give  to  fee  the  fmall  ’ 
parts  of  an  objed,  the  pupil  will  always  be  lefs 
open  in  a  ftrong  light,  than  in  the  dark,  efpecially 
if  this  attention  lafts  any  time  •,  for  a  ftrong 
light  naturally  obliges  it  to  fhut, "  to  hinder 
the  principal  organ  of  vifion  from  being  hurt. 
Thus,  in  the  dark,  or  in  a  faint  light,  we  cannot 
queftion  but  that  the  pupil  puts  itfelf  in  its  natu¬ 
ral  ftate  of  dilatation,  and  that  it  does  not  open 
fo  much  as  the  equilibrium  of  the  mufcles, 
which  compofe  the  fm,  permits,  as  it  happens 
to  all  the  parts  of  the  bodies  of  animals,  which 
are  moved  by  antagonift  mufcles. 

The  following  obfervation  is  pretty  common, 
and  thofe  who  have  made  it  have  always  obferved 
the  fame  thing.  If  you  plunge  the  head  of  a 
living  cat  into  water,  the  pupil  immediately  quite 
opens  itfelf,  tho’  the  animal  is  cxpofed  to  very 
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bright  objedis ;  and  then  you  may  fee  diftindly 
the  leall  parts  that  are  at  the  bottom  of  the  eye. 

I  undertake  therefore  to  explain  here  by  the 
laws  of  opticks : 

ift.  Why  luminous  obje6ts  do  not  by  their^ 
pre fence  oblige  the  eye  of  this  cat  to  ihut. 

2d.  Why  we  fee  the  bottom  of  the  eye  di- 
fl:in61;ly. 

Let  O  *  be  a  luminous  or  very  bright  obje6t, 
of  which  the  rays  OB  come  as  parallel  to  each 
other  as  far  as  the  cornea  B  B,  the  objedl  O  being 
at  a  moderate  diftance  from  the  eye.  It  is  known 
that  the  eye  being  expofed  to  the  air,  the  greateft 
refraftion  of  the  rays  O  B  is'  ma’de  at  firft  upon 
the  cornea^  and  that  afterwards,  after  two  other- 
refractions,  much  lefs  than  the  firft,  upon  the 
furfaces  of  the  cryftalline,  thefe  rays  meet  in  D, 
upon  the  bottom  of  the  eye,  which  we  call  a 
good  conformation. 

■  But  if  the  eye  B'B  D  is  plunged  in  the.  water, 
A  A,  fo  that  the  furface  A  A  is  perpendicular 
to  the  rays  O-B,  which  come  from  the  objeCl  O* 
to  the  eye,  then  thefe  rays  OB  meeting  the  fur- 
face  of  the  water  A  A  perpendicularly,  will  fuf- 
fer  no  refraCtion  therein,  and  will  enter  the  eye 
a-crofs  its  humours,  which  are  but  little  different, 
from  the  water,  fuffering  a  little  refraCtion  there¬ 
in  ;  whence  it  follows,  that  they  will  have  a  di¬ 
rection  to  aflemble  towards  E,  very  far  beyond^ 
the  eye,  and  confequently  that  they  will  meet  the- 
bottom  of  the  eye  in‘ points  FF,  diftanr/rom  each 
other,  inftead  of  meeting  in  the  fame  point  D; 

But  the  rayS'bf  the  luminous,  point  O,  which, 
are  entered  into  the  eye,  occupying  at  that  time 
a  very  confiderable  fpace  FF  on  the  bottom  of  the . 
eye,  will  make  but  a  very  faint  imprefiion  on  it, 

♦  Plate  III.  Fig.  4.  '  ' 
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whereas  they  would  have  touched  it-  very  briskly, 
if  they  had  met  in  D*,  wherefore  this  luminous 
objed  in  this  cafe  mull  not  oblige  the  pupil  to 
contrad.  BeOdcs  this  animal  being  in  a  violent 
date,  gives  atcenlion  to  all  that  furrounds  it, 
which  muft  alfo  oblige  it  to  keep  its  pupil  very 
open,  as  I  have  obferved  already. 

For  this  rcafon  nature  has  given  fiflies,  which 
live  in  the  w^ater,  a  very  convex,  and  almoll 
fphcrical  cryftalline,  that  the  rays  of  objeds, 
which  are  in  the  water,  and  lulTcr  but  little  re- 
fradion  in  palTing  thro’  the  earned^  may  turn 
fufTiciently  upon  the  furfaces  of  the  cryllalline,  (Q 
be  collcded  on  the  bottom  of  the  eye.  And  if  we 
find,  that  feme  divers  perceive  objeds  in  the  wa¬ 
ter  at  a  greater  diftance  than  they  would  in  the 
air,  it  can  be  nothing  but  a  particular  cafe  of  the 
conformation  of  the  eye  of  thefe  divers,  who  hav¬ 
ing  the  fight  very  fhorr,  becaufe  of  the  very  con¬ 
vex  figure  of  their  cryftalline,  can  fee  very  di- 
ftindly  in  the  water,  like  fifhes,  dillant  objeds 
of  which  the  rays  in  the  air  would  meet  between 
the  cryftalline  and  the  bottom  of  the  eye,  and 
meeting  the  bottom  of  the  eye  in  a  confiderable 
fpace  would  be  there  confounded,  and  confequent- 
]y  would  make  a  confufed  vifion. 

We  muft  now  explain  why,  when  the  eye  of 
the  cat  is  immerged  in  water,  we  perceive  di- 
ftindly  all  the  parts  of  the  hot  torn  of  the  eye,  as 
if  it  was  not  filled  with  humours. 

It  is  certain,  that  the  larger  the  windows  of  any 
room  are,  the  brighter  the  objeds  will  be  there¬ 
in,  and  the  more  diftindly  feen ;  wherefore  we 
have  a  better  view  of  the  parts  of  the  bottom  of 
the  eye  of  the  cat  immerged  in  water,  when  the 
pupil  is  very  much  dilated,  than  if  it  was  con- 
tradcdl  But  it  is  not  only  the  great  aperture  of 
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the  pupil,  which  makes  us  fee  objcd:s  diftinflly, 
fince  in  men,  who  have  the  giitta  ferena^  and 
whofe  pupil  is  very  open^  we  can  perceive  nothing 
at  the  bottom  of  the  eye,  which  is  expofed  to  the 
air.  It  is  therefore  the  water,  .which  touches  the 
eye,  that  makes  us  fee  thefe  objeds,  and  this  is 
what  we  mult  explain  by  the  fame  principles  of 
bpticks,  which  we  ufed  at  firft. 

When  an  eye  well  formed  is  in., the  air;  the  rays 
which  diverge  from  a  point  D  *  of  its  bottom, 
having  pafled  thro*  the  three  furfaces  of  its  hu¬ 
mours,  turn  from  them  in  fucH  a  manner,  as  to 
come  out  almoft  parallel  to  each  other ;  wherefore 
we  can  fee  this  objedf  D  diftindfly  ;  fince  rays 
that  are  parallel,  or  almoft  parallel,  always  make 
a  diftin<ft  vifion  in  oiir  eye,  and  yet  we  do  not  fee 
this  objedl  D. 

Let  us  now  exam'ine  what  muft  happen  to  the 
fame  rays,  which  diverge  from  the  point  D  of 
the  bottom  of  the  eye  of  the  animal,  when  it  is 
immerged  in  water. 

Let  B  B  D,  as  before,  be  the  eye  of  the  ani¬ 
mal  immerged  in  water,  of  which  the  furface  is 
A  A.  It  follows^  that  the  rays  D  B,  which’  di¬ 
verge  from  the  point  D  of  the  bottom  of  the  eye,* 
being  a  little  turned  or  refradled  upon  the  two 
lurfeces  of  the  cryftalline,  muft  meet  the  cornea^ 
while  they  afe  yet  diverging  :  but  as  in  coming 
out  of  the  cornea  in  B  B,  they  meet  the  water  A  A, 
the  refradlion  of  which  is  not  fenfibly  different 
from  that  of  the  aqueous  humour,  where  they 
paffed  in  touching  the  cornea^  they  rhuft  continue 
their  courfe  in  the  fame  right  line,'  and  continue 
ftill  diverging  quite  to  the  furfaCe  of  the  water  in 
A,  v/hence  at  laft  they  muft  go'  out  to  enter  into 
the  air,  being  yet  more  diverging  than  they  were 
^  Fig.  s- 
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in  the  water  by  the  laws  of  dioptricks  ;  and  con- 
fequently  wherefoever  we  place  our  eye  to  receive 
thefe  diverging  rays,  which  are  then  diredled  as 
if  they  came  from  the  point  E,  nearer  to  the 
cornea  than  the  point  D,  we  may  very  diftindly 
perceive  the  point  D,  as  placed  at  E  and  in  the 
air. 

This  is  what  the  plain  furface  of  the  water  pro¬ 
duces  upon  thefe  rays  *,  but  there  is  alfo  another 
obfervation  to  be  made,  which  fhews  us  why  we 
do  not  fee  the  objed  D  of  the  bottom  of  the  eye, 
when  it  is  out  of  the  water  *,  and  why  we  fee  it 
when  it  is  immerged. 

The  furface  of  all  well  polifhed  bodies  fends 
back  the  light,  and  fends  it  back  or  refleds  it  fo 
much  the  more  ftrongly  as  it  is  more  poliflied  ; 
and  if  thefe  polifhed  bodies  are  alfo  tranfparent,  a 
part  of  the  light  will  pafs  thro’  the  body,  and  an¬ 
other  part  will  be  refledled ;  and  this  will  always 
be  in  proportion  to  the  tranfparence  and  polilb. 
But  as  we  have  no  bodies,  whofe  furface  is  more 
polifhed  than  that  of  liquids,  we  might  fay  there 
would  enter  into  the  eye  expofed  to  the  air,  much 
fewer  rays  of  light,  than  in  the  water,  if  the  cor¬ 
nea  was  not  always  covered  with  a  clear  and 
undtuous  liquor.  This,  therefore  is  not  the  rea- 
fon  that  we  do  not  fee  the  bottorh  of  the  eye, 
.when  the  cornea  is-  expofed  to  the  air  ;  and  that 
we  do  fee  it,  when  the  eye  is  in  the  water ;  for 
if  the  rays  of  light  are  refleded  upon  the  cornea 
in  the  air,  they  will  be  refledfed  alfo  upon  the 
furface  of  the  water,  and  almoft  in  equal  quan¬ 
tity,  which  is  contrary  to  the  opinion  of  fome, 
who  have  pretended  that  a  great  many  were  loft 
upon  the  cornea  in  the  air,  and  have  not  ob- 
'ferved,  that  no  fewer  were  loft  upon  the  furface 
of  the  water. 


But 
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But  it  is  not  fo  much  the  quantity  of  the  rays 
that  are  reflecled  upon  the  cornea^  or  upon  the 
water,  that  muft  be  confidered,  in  what  may 
bring  fome  interruption  to  a  very  clear  vifion, 
tho’  the  rays  are  rightly  difpofed  to  make  it,  as 
the  diredfion  of  the^  lame  rays  refledled.  For  if 
thefe  rcfledled  rays  are  parallel,  or  nearly  lb,  to 
the  axis  of  the  eye,  which  meets  the  principal  organ 
of  vifion,  where  we  fee  the  objedls  moll  diftindtly; 
and  where  the  objedf,  which  we  confider  atten¬ 
tively,  is  painted,  we  muft  fee  a  pretty  ftrong 
light  in  this  place,  and  this  by  its  brightnefs  will 
hinder  the  diftinguifhing  of  thefe  objects,  which 
otherwife  are  of  a  dark  colour  *,  and  this  will  hap¬ 
pen  to  the  cornea  of  an  eye,  tho’  the  light  illu- 
luminates  it  only  aftant.  For  the  cornea  being 
of  a  convex  figure,  fome  rays  may  ftrike  upon  it 
obliquely,  which  will  be  diredfed  almoft  accord¬ 
ing  to  the  axis  of  the  eye  of  him  who  looks  t 
which  does  not  happen  to  a  plain  furface,  which 
would  be  perpendicular  to  this  axis,  where  thefe 
rays  would  be  refledted  according  to  the  fame  in¬ 
clination  to  the  furface,  with  which  they  had  met 
it.  Wherefore  we  can  fee  much  more  diftindtly, 
and  without  the  mixture  of  this  foreign  light,  the 
parts  of  the  bottom  of  the  cat’s  eye  immerged  in 
water,  than  it  it  was  expofed  to  the  air.  It  is  for 
this  reafon  alfo,  that  when  we  are  in  the  air  out  of 
a  room,  and  look  thro’  glafs,  tho’  ever  fo  cleans 
upon  the  objedfs  therein,we  cannot  fee  them  without 
difficulty,  becaufe  of  the  inequality  of  the  furface 
of  the  glafs,  which  refledfs  the  light  every  way. 

We  may  make  the  experiment  of  what  I  here 
advance,  by  looking  at  an  objedl  thro’  a  round 
glafs  bottle,  and  afterwards  thro’  a  piece  of  plain 
glafs,  the  light  playing  in  the  fame  manner  upon 
the  fpherical  and  plain  furfaces  of  thefe  two  glafics  : 

for 
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for  the  head  of  him  that  looks  near  would  hinder 
the  rays  which  fhould  fall  upon  the  plain  glals^ 
and  might  be  refiedleci  in  the  eye  towards  the  axis 
of  vifion  ;  but  it  will  no't  be  the  lame  thing  upon 
the  furfacc  of  the  g'als  bottle,  w'here  fome  will 
always  enter  the  eye  almoll  parallel  to  the  axis:, 
becaufe  of  the  convex  figure  of  the  bottle. 

In  what  I  have  hitherto  faid,  I  did  not  think  k 
hecefiary  to  eXprefs  what  part  of  the  eye  I  took 
for  the  principal  organ  of  fight.  Hut  one  of  the 
mod  famous  anatomifts  of  this  company  having 
examined  the  fa6f,  which  is  the  fubjeft  of  this 
memoir,  and  having  accounted  for  it  very  learn¬ 
edly  by  the  motion  of  the  animal  fpirits  in  the  eye 
of  the  cat,  is  for  the  choroides  in  oppofuion  to  the 
retina,  following,  as  he  fays,  the  opinion  of  M. 
Mariotte, 

*  I 

M.  Mariotte^  difeovery  is  one  of  the  mod  cu¬ 
rious  that  has  been  made  in  philofophy,  and  as  the 
experiment  is  very  eafy  to  make,  we  could  not 
doubt  of  it.  Yet  I  here  repeat,  that  the  defedf 
of  vifion  at  the  place  where  the  retina  is  perforated 
by  the  proves  nothing  againd  the  retirid, 

and  that  the  choroides  can  only  be  confidercd  as  an 
intermediate  organ,  which  corhmunicates  to  the  re¬ 
tina  the  vibration  or  motion,  which  it  receives  front 
the  light  with  its  different  modifications.  And 
can  we  look  for  the  principal  organ  of  a  fenie  any 
where  but  in  the  nerves,  which  communicate  with' 
the  brain,  and  can  inform  the  foul  under  diderent 
appearances  of  what  paffes  out  of  the  body,  and 
that  by  the  interpofition  of  a  certain  medium  pro¬ 
per  to  move  them  ;  for  the  nerves  are  too  delicate 
parts  to  be  laid  open. 

It  will  be  the  fame  with  regard  to  the  other 
fenfes,  as  to  the  fight,  and  we  cannot  fay,  that 
the  skin,  which  covers  the  whole  body,  is  the 

prin- 
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principal  organ  of  feeling,  nor  that  the  mem¬ 
brane  of  the  drum  of  the  ear  is  that  of  hearing; 
any  more  than  that  the  skin  of  the  tongue  is  thac 
of  tafting,  becaufe,  when  this  skin  is  burnt,  we 
have  no  fenfation  of  taftes. 

The  l^lack  colour  of  the  choroides  is  very  pro¬ 
per  to  be  fenfibly  flaaken  by  all  the  different  and 
lealt  motions  of  light,  as  we  fee  in  the  experiment 
of  the  \yhite  paper  expofed  to  a  burning  mirror, 
which  cannot  be  inflamed  unlefs  it  is  blackened  ; 
for  fhe  motion  of  the  particles  of  the  body  which 
tranfriiits  tl]e  light,  or  the  light  itfelf,  acts  itrongly 
among  the  points  fet  with  black  bodies  wherein 
it  is  engaged  \  whereas  it  is  only  refle(fl:ed  upon 
white  bodies,  Vv^hich  are  compofed  only  of  very 
fmooth  parts  like  little  mirrors.  The  retina  there¬ 
fore  will  not  be  fhaken  by  a  refledlion  of  the  lu¬ 
minous  rays  upon  the  choroides^  which  is  black, 
as  our  anatomifl  pretends.  In  fliort,  the  conclu- 
fion  of  his  memoir  fhews  me,  that  he  is  not  of 
M.  Mariotteh  opinion,  as  he  fays  he  is,  but  that 
he  has  followed  mine,  changing  only  the  defini¬ 
tion  of  the  principal  organ  of  vifion,  which  he 
afcribes  to  the  choroides.  and  I  to  the  reiina.  Thus 
the  whole  difference  between  him  and  me  will 
be  in  the  name  of  the  principal  organ,  for  he 
makes  vifion  confifl;  in  a  reflexion  of  the  lumi¬ 
nous  rays  upon  the  choroides^  and  I  in  a  (baking  of 
the  parts  of  iht  choroides^  to  he  tranfmitted  to 
the  optic  nerve  or  to  the  retina. 

As  forM.  Mariotte*so^\n\ony  bethinks,  thatthe 
choroides  is  the  principal  and  only  organ  of  vifion, 
and  chat  this  membrane  alone  carries  to  the  brain  the 
fenfations  of  plours,  fince  being  a  produdlion  of 
the  pia  mater  it  accompanies  the  optic  nerve  all  the 
^ay  to  the  eye,  where  being  arrived,  it  forms  the 
choroides  j  and  laftly,  thac  the  [optic  nerve  ferves 

only 


^oo  'TheYii^Tov.Y  and  Memoirs  of  the 

only  to  contain  the  fpirits,  and  that  it  has  n© 
fibres. 

But  it  feems  to  me  not  eafy  to  conceive,  how 
the  foul  can  have  a  Tenfation  of  a  very  great  quan¬ 
tity  of  obje(5ts,  which  are  perceived  all  at  once, 
and  in  the  order  in  which  they  are  ranged,  without 
imagining  an  infinite  number  of  very  flender  fi¬ 
bres,  which  compofe  the  optic  nerve,  and  arc  dlf- 
pofed  in  order  on  the  whole  furface  of  the  retina^ 
which  the  membrane  alone  of  the  fia  mater ^  or 
of  the  choroides^  could  not  do  without  a  great 
confufion,  even  tho’  it  had  fibres  like  tliofe  of  the 
optic  nerve.  But  we  fee  that  the  fundlions,  which 
1  have  afcribed  to  the  choroides  and  to  the  retina^ 
are  both  together  necefiary  for  vifion,  and  that 
one  cannot  be  done  without  the  other. 

‘  I  could  add  alfo  in  this  place,  that  we  perceive, 
colours  only  by  a  fenfation  of  heat  *,  for  no  body 
imagines  there  is  light  without  heat,  whether  this 
light' comes  diredlly'from  the  luminous  body,  or’ 
by  reflection.  But  as  this  heat  is  ufually  fo  faint, 
efpecially  if  the  luminous  body  is  verydiilant’ 
from  the'  body  which  it  illuminates,  there  mufl: 
enter  into  the  eye  a  pretty  large  quantity  of  thefe 
rays,  and  at  the  fame  time  they  mufl  meet  in  a 
point  upon  the  black  body  of  the  choroides^  to 
make  a*  ftronger  impreffion  upon  it,  and  to  make- 
no  confufion  with  thofe  which  come  from  other 
luminous  points,  and  quite  near,  and  modified  in 
different  manners,  which  thefenfeof  feeling  can-' 
not  perceive.  This  is  a  thought,  which  1  think 
might  be  fupported  by  very  ftrong  reafons. 


YIK 
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VII.  An  examination  of  a  confiderable  difi-^ 
culty  propo fed  by  M.  Huygens,  again  ft  the 
Cartefian  fyftem  of  the  eauje  of  gravity^  by 
M,  Saurin 

The  moft  ordinary  efFedls  of  nature,  tvhich  are 
the  leaft  ftriking  to  the  vulgar,  are  not  always 
fuch  as  give  the  leaft  degree  of  exercife  to  philofo- 
phers.  Such  is  the  'phtenomenon  of  gravity.  A 
(tone  thrown  up  in  the  air  falls  down  dircdtly  up^ 
on  the  furtace  of  the  earth  •,  people  do  not  ufe  to 
be  furprifed  at  it:  and  yet  to  find  the  caufe  o^ 
this  fall,  is  one  of  the  moft  difficult  problems  to 
be  refolved  in  phyficks  ;  and  we  are  not  yet  ar¬ 
rived  to  a  folution^fufficiently  demonftrated,  which 
throws  a  full  light  upon  all  the  difficulties. 

1  have  undertaken  a  little  treatife  upon  this  fub- 
je<5l,  which  I  have  begun  to  read  in  our  parti¬ 
cular  aftcmblies.  The  academy  may  fee,  that  I 
place  the  caufe  of  gravity  in  the  centrifugal  effort 
of  the  celeftial  matter  which  furrounds  us ;  and 
that  I  make  this  effort  rife  in  it,  from  its  circular 
motion  about  the  axis  of  the  earth,  according  to 
the  notion  of  the  Cartefian  vortices.  One  ot  the 
principal  objects  that  I  have  propofed  in  this  little 
treatife,  is  to  defend  this  opinion  againft  the  dif¬ 
ficulties,  which  have  made  two  of  the  greateft 
geometricians  of  our  age,  M.  Huygens^  and  Sir 
/.  Newton  who  re]ecft  the  hypothefis  of  the  vortices. 

M.  Huygens  makes  three  objedions  againft  this 
hypothefis,,  in  his  difcourfe  on  the  caufe  of  gravity  *, 
but  only  two  of  them  appear  to  me  ‘worthy  of 
confideration.  It  is  of  one  of  thefe  two,  which 
has  often  been  repeated  after  him -by  a  great  many 
authors  of  all  fizes,  that  we  find  a  folution  in  the 
*  April  10.  1709. 

VoL.  III.  N'’.  29. 
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Second  Journal des  S^avans  for  the  year  1703.  I 
was  willing  to  expofe  this  folution  before-hand  to 
the  criticifm  of  the  learned,  that  I  might  be  fure 
not  to  deceive  myfelf  in  thinking  it  fupported  by  a 
true  demonflration,  and  to  take  advantage  of  the 
new  lights,  whTch  their  reflections  might  give 
me.  It  has  merited  the  attention  of  two  authors, 
who  pretend,  not  without  realon,  to  be  profound 
i-n  thefe  matters,  and  are  not  much  difpofed  to 
favour  me  ;  but  tho’  they  have  combated  it  with 
a  good  deal  of  fpirit,  one  in  his  Recherches  de 
Pkyfiquc  de  Mathematique^  and  the  other  in  the 
Mernoires  de  Prevoux  ;  I  will  venture  to  fay,  that 
they  have  not  weakened  the  confidence  that  I 
had  in  the  fecurity  of  this  folution. 

The  other  objection  of  M.  Huygens  is  to  be  the 
fubjeCl  of  this  memoir,  and  I  muft  own  I  am  not 
yet  perfectly  fatisfied  about  it.  Therefore  I  fhall 
not  give  this  inquiry,  as  I  did  the  former,  the 
title  of  a  folution,  but  of  an  examination. 

In  heavy  bodies  we  perceive  but  two  things 
clearly  ;  one,  that  being  let  go  in  the  air  they 
move  according  to  a  direction  which  tends  nearly 
to  the  centre  of  the  earth  ;  the  other,  that  they 
endeavour  to  move  according  to  the  fame  line 
when  they  are  retained  :  and  it  is  exaClIy  this  ef¬ 
fort  with  which  they  prefs,  or  pufh  what  retains 
them,  that  is  Qx\\en\ gravity. 

It  is  evident,  that  thefe  two  things  are  the  effeCt 
of  one  and  the  fame  caufe.  The  force,  of  what 
nature  foever,  which  makes  the  heavy  bodies  move 
according  to  the  conffant  direCfion  obferved  by 
them,  is  the  very  fame  that  makes  thefe  bodies 
prels  according  to  the  lame  direClion,  the  plane 
oppofed  to  retain  them. 

d'he  qikhion  therefore  about  gravity  is,  only 
to  give  the  reafon  of  a  certain  motion,  namely, 
2  ot 
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of  that  particular  motion,  which  carries  bodies 
towards  the  centre  of  the  earth,  which  on  that 
account  are  called  heavy. 

If  we  confult  our  notions  of  the  phyfical  caufe 
of  motion,  they  will  prefent  us  with  nothing  clear, 
nothing  diftindt  but  the  fhock  or  impulfe  :  thus  ic. 
is  by  this  principle  that  we  muft  give  a  reafon 
for  the  motion  of  which  we  are  feeking  for  the 
caufe,  or  abandon  this  inquiry,  and  give  up  U'te 
hope  of  ever  being  able  to  explain  in  an  intelli¬ 
gible  and  reafonable  manner  the  phetnomenon  of 
gravity  ;  and  if  we  fhould  not  fucceed  in  explain-^ 
ing  it  by  this  principle,  it  will  certainly  fhew:  the 
infufficience  of  our  knowledge,  but  not  that  of  the 
principle. 

See  therefore  according  to  this  notion,  in  what 
manner  we*  philofophife  upon  gravity  with  M. 
Huygens.  Heavy  bodies  move  toward  the  centre 
of  the  earth  ;  therefore  they  are  driven  thither. 
Bodies  cannot  be  driven  but  by  other  bodies  in 
morion  which  fhock  them  ;  there  are  therefore 
other  bodies  in  motion,  which  ftrike  thofe  which 
we  call  heavy,  and  by  this  fhock  drive  them  whi¬ 
ther  we  fee  them  tend.  Thefe  other  bodies  arc 
not  perceived  •,  it  is  therefore  a  fubtile  matter, 
which  the  delicacy  of  its  parts  hinders  us  from 
feeing  *,  and  as  we  know  befides,  by  a  thoufind 
other  cffedls,  that  the  earth  fwiins  in  a  fluid  of  an 
inconceivable  fubtilty,  which  furrounds  it  on  all 
fides,  there  is  no  room  to  queflion  its  being  to  this 
fubtile  matter,  that  we  are  to  aferibe  the  im¬ 
pulfe,  which  produces  the  motion  of  the  heavy 
bodies. 

But  how  does  it  produce  it  ?  To  explain  this 
in  order,  I  fliould  make  long  dedutftions  *,  Tut  1 
omit  them,  and  come  diredtiy  to  the  point.  It 
is  its  circulating  about  the  earth  with  an  extreme 

Y  2  rapidity  : 
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rapidity  :  in  this  circulating  it  makes  an  effort  to‘ 
recede  from  the  earth  ;  and  the  grofs  bodies  not 
having  the  fame  motion,  and  not  making  the 
fame  effort,  muff:  be  neceffarily  driven  towards 
the  earth.  Thus  far  M.  Huygens  and  I  have 
gone  hand  in  hand,  and  philofophifed  in  con¬ 
cert  :  but  now  we  are  going  to  part ;  and 
this  is  tlie  point  of  our  reparation.  M.  Huygens 
makes  the  ceieltial  matter  move  circularly  every 
way  about  the  centre  of  the  earth  ;  that  is,  in  his 
fyftem  the  centre  of  the  earth  is  the  common 
centre  of  all  the  circles  deferibed  by  the  celeflial 
matter  :  whereas,  according  to  Bef cartes^  it  is  all 
moved  the  fame  way  about  the  axis  from  W.  to 
E.  and  deferibes  circles,  of  which  ‘the  planes  are 
parallel  to  thap  of  the  equator.  It  is  this  hypot he¬ 
fts  that  I  defend  againff:  the  two  objedions  of  M. 
Huygens. 

/  The  firff:  is  drawn  from  the  diredion  which 
heavy  bodies  obferve  in  their  fall.  M.  Huygens 
'pretends,  that  in  the  fuppofition  of  parallel  cir¬ 
cles,  deferibed  by  the  celeftial  matter,  the  bodies 
ought  to  fall  according  to  lines  perpendicular  to 
the  axis  of  the  earth,  and  that  they  would  be 
driven  toward  the  centre  only  in  the  plane  of  the 
equator  ;  whereas  we  learn  from  the  experiment, 
that  they  every  where  follow  the  fame  diredion 
w^hich  tends  to  the  centre.  This  is  the  objedion, 
.,which  I  think  I  have  fufficiently  anlwered  in  the 
Journal  des  Sfavans. 

I  fhall  now  examine  the  fecond.  M.  Huygens 
obferves,  that  to  produce  the  degree  of  gravity, 
which  w^e  find  in  the  terreffrial  bodies,  the  ve¬ 
locity  of  the  celeflial  matter,  which  moves  circu¬ 
larly,  mud  be  much  greater  than  the  velocity  of 
the  daily  motion  of  the  earth  about  its  own  axis. 
\Vhence  he  concludes,  that  if  the  cclcffial  matter 

inoycd 
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moved  the  fame  way  with  a  like  velocity,  it  woul  d 
be  impoffible  for  it  not  to  carry  away  with  it  all' 
the  bodies  which  are  upon  the  furface  of  the 
earth,  by  the  continual  effort  of  lb  rapid  a  mo¬ 
tion,  which  docs  not  happen. 

I  fhall  propofe  this  objedion  in  its  full  force. 
The  bodies,  which  are  upon  the  earth,  being  car¬ 
ried  away  with  it  about  its  own  axis  in  24  hours, 
neceffarily  make  an  effort  themfelves  to  recede 
from  the  centre,  and  thtir  effort  is  proportioned 
to  the  velocity,  which  carries  them  along.  If 
the  celeftial  matter  moved  circularly,  only  with 
the  fame  velocity  that  the  earth  turns,  it  would 
make  no  more  effort  to  recede  from  the  centre  of 
the  earth,  than  the  bodies  do,  which  are  upon  the 
earth;  and  confequently  there  would  be  no  gra¬ 
vity  ;  thefe  bodies  being  thrown  into  the  air 
would  not  fall  back  again.  To  whatfoever  place 
of  the  furrounding  fluid  they  fhould  be  carried, 
and  afterwards  let  go,  they  would  remain  fufpen- 
ded  and  at  reff,  as  they  would  be  in  equilibria 
with  an  equal  bulk  of  the  celeftial  matter. 

The  bodies  therefore  which  are  upon  the  earth, 
are  heavy,  and  being  thrown  into  the  air,  fall 
down  again,  only  bccaufe  the  celeftial  matter 
makes  more  effort  to  recede  from  the  common 
centre  than  they  do :  and  if  we  retrench  their 
effort  from  that  of  the  celeftial  matter,  the  quan¬ 
tity  of  effort  which  fhall  remain,  and  is  the  dc-  . 
gree  of  force  with  which  they  are  driven  toward 
the  centre,  will  be  exactly  equal  to  their  degree 
of  gravity.  Thus  the  celeftial  matter  muft  circulate 
fafter  than  the  earth  turns ;  and  the  excefs  of  its 
velocity  above  that  of  the  earth  muft  be  fuch, 
that  there  may  refult  from  it  this  quantity  of 
effort  equal  to  the  degree  of  gravity  of  the  ter- 
reftri^l  bodies, 
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M.  Huygens  has  found  by  an  exaft  inquiry, 
that  it  required  the  circular  motion  of  the  celeftial 
matter  to  be  about  17  times  as  quick  as  that  of 
the  earth.  This  calculation  is  founded  upon  a 
curious  propofition  ;  but  it  is  a  little  embarraffcd. 
It  may  be  made  in  an  cafier  manner  by  fuppofing 
the  truth  of  another  theorem,  which  is  very  eafily' 
demonftrated.  This  theorem  is,  that  in  equal 
time  the  fpace  run  over  by  a  body  which  falls 
perpendicularly,  is  to  the  fpace  or  arch  run  thro* 
by  the  celeftial  matter,  which  moves  circularly, 
and  produces  gravity,  as  the  fame  arch  is  to  the 
diameter  of  the  circle  which  it  dcfcribes.  And 
confequently  if  the  number  of  feet,  which  this 
diameter  contains,  is  multiplied  by  the  riumber  of 
feet,  which  a  body  that  falls  perpendicularly  runs 
over  in  a  fecond,  this  produdl  will  be  equal  to  the 
fquare  of  the  arch,  run  over  alfo  in  a  fccond  by 
the  celeftial  matter.  We  know  by  experiments 
made  with  a  great  deal  of  exatftneft,  that  a  body, 
which  fills  perpendicularly,  runs  over  about  1 5 
feet  in  a  fecond  :  the  diameter  of  the  circle  dc- 
feribed  by  the  celeftial  matter  near  the  earth,  ntu 
being  fenfibly  different  from  that  of  the  earth  it- 
felf,  is  39,23 1,600  feet.  Therefore  by  the  theo¬ 
rem,  thefe  2  numbers  multiplied  together,  will 
give  a  producl  equal  to  the  fquare  of  the  arch  run 
over  by  the  celeftial  matter  *,  and  the  fquare  root 
of  this  produdl,  which  is  24258,  will  be  the 
number  of  feet  equal  to  the  arch  run  over.  There¬ 
fore,  to  produce  the  degree  of  gravity,  which  we 
find  upon  the  earth,  the  celeftial  matter  runs  over 
24,258  feet  in  a  fecond. 

The  earth  making  a  rev^olution  in  23:.  56',  or 
in  86,160'/,  and  the  circle  which  it  deferibes,  be- 
ing  123,249,600  feet,  what  it  runs  over  in  a  fe¬ 
cond  miift  be  1430  feet  Thus  the  velocity  of 
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the  celeftial  matter,  which  makes  it  run  over 
24,258  feet  in  a  fccond,  is  to  that  of  the  earth, 
which  runs  over  only  14-50  in  the  fame  time,  as 
the  lirft  of  thefe  numbers  is  to  the  feconcl.  Now 
if  we  divided  thefe  two  numbers  one  by  the  other, 
we  (hall  find  they  are  netirly  as  17  to*r.  In  mea- 
furing  therefore  the  degree  of  gravity  by  the  foie 
centrifugal  effort  of  the  celeftial  matter,  which 
comes  from  its  circular  motion,  it  is  demon- 
ft  rated  that  the  velocity  of  this  motion  mu  ft  be 
1 7  times  as  great  as  that  of  the  daily  motion  of 
the  earth,  or  furpafs  it  16  times. 

But  to  know  ftili  more  exadlly  how  far  the 
difficulty  goes,  let  us  examine  what  impreffion 
this  prodigious  velocity,  which  we  are  obliged  to 
albribe  to  the  celeftial  matter,  can  make  upon  the 
terreftrial  bodies,  and  we  (hall  fee  if  any  means 
will  offer  to  render  it  infenfible. 

The  late  M.  made  a  great  number 

of  experiments  on  the  force  of  the  fhock  of 
»  fluids,  and  in  particular  of  water  and  air.  He  has 
found*,  that  water  going  with  a  velocity,  which 
makes  it  run  thro’  3  feet  ■-  in  a  fecond,  and  with 
this  velocity  ftriking  perpendicularly  a  furface  of 
i  a  foot  Iquarc,  fuftains  a  weight  of  3  lb. 
He  has  alfo  determined,  that  the  air  going^  24 
times  as  faft,  made  exadly  the  fame  effort.  Thus 
the  air  running  thro’  78  feet  in  a  lecond,  and  with 
this  velocity  fhocking  a  furface  of  -f-  a  foot  fquare, 
oppofed  perpendicularly  to  its  courfe,  w^ould 
fuftain  a  v/eighc  of ‘3  lb.  :  but  if  we  allow  it  the 
velocity  by  which  the  celeftial  matter  furpaffes  that 
of  the  earth,  what  weight  will  it  fuftain  ?  It  is 
eafy  to  calculate  it.  The  efforts  of  the  fame  fluid, 
which  goes  with  different  velocities,  are  to  each 
other  as  the  fquares  of  the  velocities.  The  velocity 

*  Moiivemefit  dus  eaux,  p.  1S7,  and  19^. 
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of  the  air,  which  makes  it  fuftain  31b.  is  7^ 
feet  in  a  fecond  that  of  the  celeftial  matter,  the 
velocity  of  the  earth  being  fubftradted  from  it, 
is  22,827  I :  fay,  as  the  fquare  of  78  is  to  the 
fquare  of  22,827  |,  fo  is  the  weight  of  31b.  to 
a  4th  term  :  this  4th  term  will  give  the  effort  of 
the  air,  or  the  weight  fought.  In  performing 
this  operation,  we  find,  that  if  the  air  went  with 
the  velocity  of  the  celeftial  matter,  it  would 
fuftain  a  weight  of  above  320,0001b.* 

In  this  calculation,  we  have  followed  the  de¬ 
termination  of  M.  Alariotte^  who  allows  to 
air  a  velocity  only  24  times  as  great  as  that  of 
water,  to  make  it  fupport  the  fame  weight  that 
water  does  *,  but  other  experiments  prove,  that  it 
mult  go  30  times  as  faft  ;  and  if  we  follow  thefe 
experiments,  the  weight  which  the  air  will  fuftain 
with  the  velocity  of  the  celeftial  matter,  will 
be  diminifhed,  but  yet  it  will  be  more  than 
200,000’lb't'. 

'  Such  would  be  the  force  of  the  air  carried 
along  with  the  yelccity,  which  agrees  with  the 
celeftial  matter  toproduce  gravity.  Whence  we  fee, 
that  tho’  the  effort  of  the  celeftial  matter  moved 
with  this  rapidity  fhould  be  but  0-50000  part  of 
that  of  the  air,  it  would  however  fuftain  the 
weight  of  one  pound,  by  a6ling  againft  a  furface  of 
A  a  foot  fquare,  ijnd  that  if  it  was  near  2,500,000 
times  weaker,  it  would  ftill  fuftain  the  weight  of 
an  ounce  *,  fo  that  if  a  body  that  weighed  but  an 
ounce  v/as  fufpended  in  the  air  at  the  end  of  a 
thread,  and  oppofed  a  furface  of  half  a  foot  fquare 

*  It  is  exaflly  321,187  lb.  Exaftly  205,560 
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to  the  courfe  of  the  celeftial  matter,  it  would 
drive  it  from  Weft  to  eaft,  with  an  effort  which 
would  caufe  it  to  make  that  way  an  angle  of  45 
degrees,  abftrafting  all  other  refiftancc  but  that 
of  the  fufpended  body. 

It  would  be  impolTible,  becaufe  of  the  refiftance 
and  continual  agitation  of  the  air,  and  of  feveral 
other  confiderations,  to  determine  exacftlv  how 
much  the  effort  of  the  celeftial  matter  with  equal 
velocity  muft  be  weaker  than  that  of  the  air  to 
become  infenfible,  but  it  appears  to  me,  that  it 
muft  be  3  or  4  millions  of  times.  It  remains  to 
know,  whether  it  can  be  fuppofed  without  abfur- 
dity,  or  whether  we  can  give  any  probable  reafon 
of  the  weaknefs  of  this  effort.  • 

Wc  know  that  feme  ffuids  are  more  or  left 
fluid  than  others,  and  that  they  make  more  or 
left  refiftance  to  the  motion  of  bodies  ;  and  con- 
fequently  more  or  left  effort  againft  bodies  at  reft, 
when  the  fluids  themfelves  are  in  motion.  Thus 
we  have  juft  feen,  that  the  air  muft  go  30  times 
fafter  than  water,  to  have  an  equal  impetus : 
whence  it  follows,  that  going  with  the  fame  ve¬ 
locity  as  water,  it  muft  make  900  times  left  effort 
than  water,  900  being  the  fquare  of  30.  The  rule 
which  is  given  upon  this  point,  is,  that  the 
efforts  of  different  fluids  which  go  with  the  fame 
velocity,  are  as  their  denfities  *,  it  is  upon  this 
principle  alfo,  that  we  make  the  air  900  times 
thinner  than  water.  This  confequence  however 
might  be  falfe ;  for  the  rule  upon  which  it  is 
founded,  is  not  exa6lly  true,  but  when  the  fluids 
compared  differ  only  in  denfity.  In  that  cafe  it 
is  eafy  to  comprehend,  that  if,  of  2  fluids  car^ 
ried  along  with  the  fame  velocity,  one  is  for  in- 
ftance  twice  left  denfe  than  the  other,  it  muft 
make  twice  left  effort ;  for  at  each  time  the  body, 
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agalafl:  which  it  ads,  is  ftruck  by  twice  fewer 
parcides.,  and  confequently  is  twice  lefs  ftruck. 
7'he  rule  therefore  is  certain  and  evident,  but  it 
is  defcdive,  becaufe  there  are  in  fluids  a  great 
many  other  difierences  to  be  regarded.  The  force 
of  the  (hock  in  tbofe,  which  go  equally  faft,  does 
not  only  depend  on  this,  that  in  equal  time  they 
ftrike  with  the  fiim  of  the  efforts  a  greater  or  lefs 
quantity  of  part  ides  *,  but  in  this  alfo,  that  they 
make  more  or  lefs  reflftance  to  the  diviflon ; 
that  is,  the  particles  have  more  or  lefs  eale 
to  be  feparated  or  difplaced.  Now  a  greater  or 
Itfs  facility  of  being  difplaced  may  have  feveral 
caufcs,  and  by  the  concourfe  of  all  thefe  caufes  be¬ 
come  as  confiderable  as  we  pleafe. 

The  firft  caufe  that  prefents  ilfelf,  is  the  diffe¬ 
rent  degree  even  of  dcnfity.  I  have  made  ufe  of 
dcnfity  already  ;  it  is  a  double  ufe  that  I  make  of 
it,  but  not  a  bad  one  ;  and  it  comes  here  under 
another  confi deration.  It  is  plain,  that  a  fluid 
muft  be  fo  much  the  more  eafy  to  divide,  as  its 
particles  are  lefs  eJofe,  and  left  near  to  each  o- 
thcr;  that  is,  fo  much  the  more  as  it  is  the  left 
denfe.  The  more  or  lefs  afperity,  or  inequality 
in  tile  furfaccs  of  the  particles,  and  their  figures 
more  or  lefs  irregular  and  embarraffing,  are  two 
other  caules  worthy  of  attention,  which  may  pro¬ 
duce  great  differences,  with  regard  to  the  facility 
of  fluids  to  divide,  and  confequently  in  the  force 
or  their  fhock. 

I  thought  at  firft,  that  I  might  add  to  thefe  ar¬ 
ticles  the  diflerenc  degree  of  fubtilty.  And  indeed 
it  was  natural  enough  to  think,  that,  fuppofing 
ail  other  things  equal,  the  fluid,  which  had  its 
particles  the  ieaft  grofs,  fliould  be  divided  with 
moft  facility,  and  make  lead  effort  againft  tlie 
obftaclcs  oppofed  to  its  courfe.  This  dioughc 
3  quite 
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quite  pleafed  me  :  it  furnifhed  me  with  the  ealleft 
wav  in  the  work!  to  reduce  to  nothinji  the  force 
of  die  (hock  of  the  ccleltial  matter,  which  we 
may  mtike  as  fabtiie  as  we  will :  but  in  feeking 
to  dcmonftrate  a  propofition,  which  appeared  to 
me  fo  probable,  I  have  found,  contrary  to  my 
expe(5lation,  tho’  after  Sir  /.  Newfan,  that  it  was 
falfc,  and  that  two  fluids  of  the  fime  nature,  and 
^denfity,  which  differ  only  in  the  fmallnefs  of  their 
particles,  make  an  equal  refiftance  to  the  motion 
of  bodies  j  or,  if  the  fluids  themfelves  move, 
have  an  equal  impetus,  1  confefs  I  have  been 
inluch  grieved  upon  this  laead,  and  k  was  not  t-fll 
after  thoroughly  difpming  againft  my  own  de-. 
snonflradon,  that  I  confented  to  throw  it  afide. 

Mow^ever,  let  the  notion  be  ever  fo  falfe,  from 
which  I  thought  I  might  draw  fo  great  an  advan¬ 
tage  *,  yet  the  more  or  lefs  fubtilcy  is  ftilt  a  mate- 
•rial  confideration  in  another  part;  for  a  fluid; 
which  fliould  be  fo  fubtile,  that  all  bodies  wou^d 
give  it  a  free  paflTage  thro’  their  pores,  would 
without  doubt  flirike  thefe  bodies  with  much  kfs 
force  than  another  fluid  of  the  fame  nature  would, 
of'  which  tlie  particles  would  be  coo  grofs  to 
able  to  pafs  thro’  the  pores  of  the  bodies.  It  k 
evident,  that  tho’  thele  two  fluids  were  of  the 
fame  denfity,  they  would  fall  in  proportion  to  the 
cflecl  of  the  fliock  in  the  cafe  of  two  fluids  un¬ 
equally  denfe  ;  all  that  in  the  fubtile  fluid  con¬ 
tinues  its  courfe  thro’  the  pores  of  the  bodies, 
freely  and  without  flaocking  them,  not  being  to 
be  reckoned.  Now  how  far  may  not  that  go? 

The  texture  of  the  mofi:  folid  bodies  is  perhaps 
infliutely  more  rare  than  we  think.  What  is  very 
certain,  is,  that  the  fenfes  and  imagination  dec^i've 
us  therein,  if  we  confult  them,  who  would  fay 
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that  what  a  bit  of  oak  contains  of  its  own  proper 
matter  makes  but  the  26th  part  of  the  bulk  under 
which  it  appears  ?  Perhaps  it  may  not  make  the 
thoufandth  part,  or  the  hundred  thoufandth  ;  but 
at  lead:  it  is  eafy  to  demonftrate  that  it  does  not 
make  the  20th.  The  wood  of  oak  weighs  lefs 
than  water,  and  water  weighs  near  19  times  left 
than  gold.  A  bit  of  oak  therefore  weighs  more 
than  20  times  lefs  than  a  bit  of  gold  of  the  fame 
bulk  :  but  it  is  a  principle  demonftrated  by  M. 
Huygens  himfelf,  that  the  fpecifick  weight  of 
bodies  exadtly  follows  the  proportion  of  the  quan¬ 
tity  of  proper  matter  which  they  contain  under  an 
equal  bulk.  Upon  this  principle,  a  bit  of  oak 
contains  20  times  lefs  proper  matter  tiian  a  bit  of 
gold  of  equal  bulk  *,  and  confequently,  by  fup- 
pofing  the  gold  perfe6lly  folid,  and  without  pores, 
which  is  very  far  from  being  true,  the  quantity 
of  proper  matter,  which  a  piece  of  oak  contains,  is 
not  the  20th  part  of  its  bulk ;  certainly  our  eyes 
do  not  tell  us  fo.  By  the  fame  reafoning,  a  body, 
which  fhall  weigh  20  times  lefs  than  an  equal  bulk 
of  oak,  and  400  times  lefs  than  an  equal  bulk  of 
gold,  will  alfo  contain  20  times  lefs  of  its  proper 
matter  than  the  oak,  and  400  times  lefs  than  the 
gold  :  do  the  eyes  judge  thus  of  it  } 

I  have  no  light  into  the  abfolute  folid ity  of  bo¬ 
dies  :  I  know  by  the  weight  the  different  propor¬ 
tions  of  denfity  or  rarenefs  between  them  *,  but  if 
we  confider  a  body  in  itfelf,  and  without  compar¬ 
ing  it  to  others,  it  is  impoflible  to  know  what  its 
abfolute  degree  of  folidity  is ;  that  is,  to  deter¬ 
mine  what  proportion  there  is  between  the  quan¬ 
tity  of  proper  matter  that  it  contains,  and  its  bulk  • 
thus  I  know  that  a  piece  of  oak  is  20  times  lels 
folid  than  an  equal  piece  of  gold  *,  but  then  to 
■^yvhat  degree  is  this  piece  of  gold  folid  I  Hosv 
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rnany  pores  has  it  ?  How  much  proper  matter  ? 
I'his  1  am  abfolutely  ignorant  of;  or  rather  I 
know  with  the  utmoft  evidence,  that  it  cannot  be 
known  ;  and  I  dare  advance  this  proporition,which 
may  feem  a  paradox,  that  if  we  would  maintain, 
that  in  a  piece  of  gold,  there  is  not  of  proper 
matter  the  hundred  millionth  part  of  its  bulk,  we 
might  indeed  maintain  it  without  a  pofitive  proof, 
but  we  might  boldly  defy  the  natural  philofophers 
to  demonftrate  the  contrary. 

1  do  not  doubt  but  the  imagination  of  thofe, 
who  judge  of  every  thing  by  their  fenfes,  is  (hock¬ 
ed  at  it.  Gold  is  the  mod  heavy  of  all  the  bodies 
that  we  know :  it  has  always  feemed  very  pon¬ 
derous  to  them,  and  therefore  very  maflfy ;  this 
confufed  notion  will  always  pafs  among  them  for 
an  experiment  as  evident  as  a  demonftration  :  but 
when  we  fupport  a  weight,  the  fenfe  of  gravity 
that  we  have  is  relative  to  the  degree  of  ftrength 
that  we  have  to  fudain  it :  what  a  man  finds  light 
is  an  enormous  weight  for  a  child,  and  we  might 
have  fuch  a  drength,  that  the  mod  heavy  mafs 
would  feem  as  light  as  a  feather.  Tlius  in  judging 
by  the  fenfe,  men  a  thoufand  times  dronger  than 
we,  finding  gold  1000  times  lefs  heavy  than  we 
find  it,  would  alfo  judge  it  to  be  1000  times  lefs 
folid  than  we  judge  it  to  be.  To  conclude,  as 
neither  the  fenfes  nor  the  imagination  are  to  be 
heard  upon  this  point,  and  as  reafon  does  not  fi^ 
any  bounds  for  us,  we  may  give  to  the  texture  of 
bodies  all  the  rarenefs,  as  well  as  to  the  celedial 
matter  all  the  fubtlenefs  of  which  we  have  need ; 
provided  only  that  the  fuppofition  which  we  fhall 
make  for  the  effedl  that  we  would  explain,  is  not 
oppofed  by  other  eiTedls. 

Here  is  another  article,  upon  which  we  cannot 
build  too  much,  which  is  referred  to  that  of  the 
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figures  more  or  Jefs  embarrafling ;  that  the  parti¬ 
cles  of  the  celeftial  matter  have  neither  a  determi¬ 
nate  figure  nor  bignefs ;  each  particle  being  able 
to  divide,  and  dividing  infinitely,  *  according  as 
there  is  occafion^  and  with  the  utmoft  facility, 
they  accommodate  themfelves  without  difficulty 
to  all  forts  of  places ;  which  diminifhes  infinitely 
in  the  fluid  its  refiflance  againfl;  being  difplaced, 
and  fo  much  weakens  its  effort. 

To  all  that  we  have  faid  upon  the  caufes  which 
may  contribute  to  render  the  effbit  of  the  celeftial 
matter  infenfible,  we  may  add  thofe  experiments 
of  Sir  L  Ntwton^  which  are  in  our  favour.  He 
made  them  to  determine  whether  the  celeftial 
matter,  which  penetrates  all  bodies,  and  fills  their 
pores,  had  any  fhare  in  the  refiftance,  which  thefe 
bodies  fuffer  when  they  are  moved  in  a  fluid  j 
and  he  has  not  found  more  refiftance  on  that  fide, 
than  if  this  matter  did  not  exift,  and  the  pores 
were  entirely  void.  We  fhall  not  take  advantage 
however  of  his  difeovery  :  what  confequence  could 
we  draw  from  an  infenfible  refiftance  in  fuch  weak 
motions  as  thofe  of  the  experiments  which  we  can 
make  ?  But  it  is  a  matter  of  great  fiirprize,  that 
fo  able  a  man  as  Sir  /.  Newivit  ftiould  coiiclude 
the  vacuum  from  it,  or  be  near  concluding  it,  in¬ 
viting  us  alfo  to  repeat  the  experiments,  to  con¬ 
vince  ourfelves  more  and  mere  of  the  pretended 
folidity  of  this  conclufion. 

If  after 'all  the  confiderat  ions  that  have  juft  been 
made,  we  fliOuld  be  ftruck  as  with  an  abfurdity, 
with  this  prodigious  rapidity,  which  we  aferibe 
to  the  celeftial  matter  near  the  earth,  tho’  it  does 
not  make  itfelf  felt  there,  there  feems  to  be  no  other 
way  to  take,  than  to  digeft  this  abfurdity,  as  we 
are  obliged  to  digeft  fo  many  others  in  mod  phy- 
fical  iubjefts,  and  generally  in  moft  of  tlie  obje<fl:s 
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of  our  knowledge :  for,  in  fliort,  this  abfurdity, 
whether  pretended  or  true,  to  which  the  opinion, 
that  I  defend,  leads,  is  found  to  be  a  neccfTary 
confequence  of  the  moft  certain  obfervations  of 
the  aftronomers,  as  I  am  going  to  demonftrate. 

The  planets,  which  turn  about  the  fun  at  diffe¬ 
rent  diflances,  go  forne  of  them  falter  than  the 
others :  the  famous  Kepler  was  the  firft,  who  ob- 
ferved,  that  their  velocities  keep  an  inverted  ratio 
of  the  fquare  roots  of  their  diflances.  Suppofe 
for  example,  that  the  diftance  of  Venus  from  the 
fun  is  to  that  of  Mercury^  as  9  to  4  ;  I  take  thefe 
numbers,  becaufe  they  are  convenient,  and  not 
very  different  from  the  exa(5t  proportion  that  thefe 
two  diflances  have  between  them  ;  the  fquare  root 
of  9  is  3,  that  of  4  is  2  :  the  fquare  root  of  the 
diftance  of  Venus  being  therefore  to  the  fquare 
root  of  the  diftance  of  Mercury^  as  3  to  2,  we 
find,  according  to  KepleVs  rule,  that  in  an  in¬ 
verted  ratio^  the  velocity  of  Venus  is  to  that  of 
Mercury^  as  2  to  3. 

All  the  obfervations  confirm  this  rule  ;  it  is  not 
only  followed  by  the  principal  planets,  which 
turn  about  the  fun  ;  but  alfo  exadlly  by  the  little 
planets,  which  make  their  revolutions  about  a 
principal  one  ;  this  M,  Caffini  has  fully  verified 
in  the  fatellites  of  Jupiter^  and  given  us  a  theory 
of  them,  and  by  his  learned  and  ufeful  difeoveries 
has  a  very  great  ftiare  in  the  glory  of  the  pro- 
grefs,  which  aftronomy  has  made  in  our  days, 
and  a  great  one  in  the  glory  even  of  that  which  it 
fhall  make  after.  It  is  the  fame  with  the  5  fa¬ 
tellites  of  Saturn^  as  with  the  4  of  Jupiter.  It 
is  therefore  a  law  inviolably  obfervecl  by  the  ce- 
leftial  bodies,  in  the  fmall  particular  vortices.,  as 
well  as  in  the  great  one:  and  as  the  moft  reafon- 
able  hypQtbefis  of  the  motion  of  the  planets,  or 

rather 
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rather  the  only  reafonable  one  is,  that  they  follow 
the  courfe  of  the  celeftial  matter,  which  carries 
them  along,  it  is  to  the  different  velocities  of  the 
celeftial  matter  taken  at  different  diftances  from 
the  centre  of  the  vortex^  that  Kepler^^  rule  muft 
be  applied. 

To  come  now  to  the  demonftration,  which  I 
have  promifed  ;  if  by  this  rule  we  find  the  velo¬ 
city,  which  agrees  with  the  celeftial  matter  near 
the  earth,  we  fhall  find  that  it  muft  be  to  that  of 
the  earth  almoft  as  17  to  i,  fuch  exadlly  as  we 
have  already  feen  that  the  degree  of  gravity  of 
the  terreftrial  bodies  required  :  the  calculation  of 
it  is  neither  long  nor  difficult. 

The  moon  being  diftant  from  us,  or  from  the 
centre  of  our  particular  vortex  about  60  femi -dia¬ 
meters  of  the  earth,  the  circle,  which  it  runs  thro* 
about  this  centre,  is  60  times  as  great  as  that  de- 
fcribed  by  a  point  of  the  furface  of  the  earth  under 
the  equator  *,  and  confequently  it  has  60  times 
more  way  to  go  to  finiffi  its  revolution,  than  this 
point  has.  Thus,  if  the  moon  Ihould  finiffi  its 
revolution  only  in  60  days,  it  would  go  as  faft 
as  the  earth  which  turns  in  a  day  :  if  the  revolu¬ 
tion  of  the  moon  was  finiffied  in  30  days,  its  ve¬ 
locity  would  be  double  that  of  the  earth  under  the 
equator :  the  moon  employing  but  a  little  more 
than  27  days  and  half  in  its  courfe,  it  follows  that 
its  velocity  is  a  little  more  than  double  that  of  the 
earth.  This  being  fuppofed,  the  diftance  of  the 
celeftial  matter,  which  circulates  here  below,  and 
is  diftant  from  the  centre  of  the  vortex  only  one 
femidiameter  of  the  earth,  and  the  diftance  of  the 
moon,  which  we  have  made  60  of  thefe  femi- 
diameters,  are  to  each  other,  as  i  to  60,  and 
their  fquare  roots  nearly  as  ito  8,  or  as  2  to  16, 
or  as  a  little  more  than  2  to  1 7  ;  therefore  in  an 

in- 
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inverted  ratio^  conformably  to  Kepler* s  rule,  the 
velocity  of  the  ccleftial  matter  near  us  is  to  the  ve¬ 
locity  of  that,  which  carries  on  the  moon,  as  17 
to  a  little  more  than  2  *,  but  we  have  found  that 
the  velocity  of  the  moon,  or  of  the  celeflial  mat¬ 
ter,  of  which  it  follows  the  courfe,  was  really  to 
the  velocity  of  the  earth,  as  a  little  more  than  2  to 
I  \  therefore  the  velocity  of  the  celeflial  matter 
here  below,  is  to  the  velocity  of  the  earth  nearly, 
as  1 7  to  I .  ^  E,  D. 

Such  is  the  perfe6l  agreement,  between  what 
velocity  the  phenomenon  of  gravity  requires  in  the 
celeflial  matter,  and  what  we  find  elfewhere,  that 
it  mull  have  in  virtue  of  a  law  eflablifhed  by  the 
obfervations,  aud  demonflrated  as  the  fundamen¬ 
tal  law  of  the  whole  fyflera  of  the  univerfe,  by 
the  ingenious  author  of  ne  New  Explanation  of 
the  Motion  of  the  Planets,  If  fo  wonderful  an 
agreement  does  not  entirely  deliver  the  mind  from 
the  trouble,  which  this  rapid  motion  of  the  ce- 
fcflial  matter  near  the  earth  gives  it,  of  which 
however  we  do  not  perceive  any  fenfible  efFedl  ; 
it  mufl  at  leafl  difpofe  it  to  receive  more  favour¬ 
ably  the  confiderations,  which  we  have  propofed 
to  rcfolve,  or  weaken  the  objediion  of  M.  Huy- 
gens. 

It  is  true,  that  a  great  many  difficulties  prefent 
themfelves  *,  and  I  ffiall  not  difremble,that  this  very 
law,  which  the  velocities  of  the  planets  follow, 
when  confidered  in  the  celeflial  matter,  is  fur- 
rounded  with  difficulties  ;  there  are  feveral  which 
a  little  attention  diffipates  ;  it  would  be  tedious 
and  ufelefs  to  dwell  upon  them  :  there  are  others 
more  confiderable,  and  among  thefe  two  principal 
ones,  which  I  fhall  touch  upon  in  a  few  words. 

The  firfl  offers  itfelf  immediately,  and  it  is 
impoffible  not  to  be  ftruck  with  it.  According 

VoL  III.  N^.  29,  A  a  to 
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to  Keplerh  rule  added  to  the  hypothefts  of  our  vor¬ 
tices^  the  celeftial  matter  makes  17  revolutions 
about  the  earth  in  a  day,  whence  comes  it,  that 
the  earth  makes  but  one  ?  Why  does  not  i:  foi- 
Jow  the  rule  ?  This  dilHculty  is  common  to  rhc 
other  vortices ;  Jupiter  and  Saturn  turn  each 
about  his  own  centre  ;  and  both  of  them  infinitely 
lefs  quick  than  they  ought  to  do  according  to  the 
rule.  The  fun,  which  occupies  the  centre  of  the 
great  vortex^  turns  in  like  manner  about  his  own 
axis^  and  takes  about  2  7  days  and  half  in  turning  5 
whereas,  according  to  the  rule,  it  ought  to  em¬ 
ploy  but  a  little  more  than  3  hours.  I  confefs  I 
am  not  fatisfied  with  the  lights  that  I  have  into 
th  is  difficulty,  and  that  I  have  not  any  more  folid 
anfwer  to  give,  than  that  which  may  be  feen  in 
the  new  explanation  of  the  motion  of  the  planets, 
a  work  which  it  would  be  more  eafy  to  criticize, 
than  to  make  a  better. 

The  other  difficulty  is  Sir  Jfaac  Newton*s.  In 
the  midfi:  of  an  uniform  fluid,  and  at  reft,  that  is, 
which  has  no  other  motion  than  the  mere  agita¬ 
tion  of  its  parts  every  way,  which  renders  it  fluid, 
be  conceives  a  folid  fphere,  which  turns  about  an 
cxis^  alrnofl  like  the  earth.  This  fphere,  as  it 
turns,  makes  a  continual  impreffion  on  a  firfl;  fur- 
face  of  the  fluid,  and  this  upon  another,  and  this 
Jafl:  upon  another,  and  fo  on.  On  this  arbitrary 
fuppofition,  he  inquires  geometrically  in  •  what 
proportion  the  motion  is  communicated  from  each 
furface  to  the  next,  or  what  fliould  be  the  propor¬ 
tion  of  the  velocities  at  different  diftances  from 
the  common  centre  *,  and  his  giving  him  a 

diflerent  proportion  from  that  which  is  obferved 
in  the  planers,  he  concludes  that  they  are  not  car¬ 
ried  along  by  the  fluid,  and  -that  the  Cartefian  > 
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vortices  are  incompatible  with  the  law  eftabliflied 
by  Kepler, 

I  pafs  over  a  great  number- of  refledlions  that 
might  be  made  on  Sir  Ifaac  Neivlon’s  demon- 
ftration :  I  am  willing  to  admit  it,  but  when  I 
do  admit  it,  I  rejed  however  the  conclufion  that 
he  draws  from  it  againft  our  vortices.  It  has  no 
force  but  in  virtue  of  the  fuppofition,  which  Sir 
I.  Newton  takes  for  granted,  of  a  fluid  perfedlly 
uniform,  and  every  where  of  equal  fluidity,  and 
of  a  reflftance  on  the  fide  cf  the  furfaces,  in  the 
ratio  of  the  velocity.  But  if  we  fuppofe  the  fluidity 
to  augment  in  proportion  as  it  recedes  from  the 
centre,  or  a  reflftance  greater  than  in  the  ratio  of 
the  velocity,  we  fhall  find  without  difficulty  the 
fame  proportion  that  is  given  by  the  rule. 

What  we  fay  here  has  not  efcaped  Sir  IJaac 
Newton^s  exa6lnefs ;  he  has  exprefly  obferved  it ; 
but  he  contents  himfelf  with  faying  thefe  fuppo- 
fltions  would  not  be  reafonable  and  tho*  the  laft 
is  inconteftable,  he  choofes  rather  to  confider  gra¬ 
vity  as  a  quality  inherent  in  bodies,  and  to  renew 
the  exploded  notions  of  occult  qualities  and  at- 
tradlion.  We  muft  not  flatter  ourfclves,  that  in 
all  our  phyfical  inquiries,  we  can  ever  furmount 
all  difficulties :  but  however  let  us  always  philo- 
fophize  upon  clear,  mechanical  principles  ^  if  we 
quit  them,  all  the  light  that  we  can  have  is  ex- 
tinguifhed,  and  we  are  plunged  anew  into  the  old 
darknefs  of  peripateticifm,  from  which  heaven 
preferve  us. 


A  a  2 
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VIIL.  Obfervations  of  the  weight  of  the  at-^ 
Tnofphere^  made  at  the  cafile  oj  Meudon, 
with  M.  Huygen’j  double  barometer^  by 
M,  de  la  Hire  ^  5  tranfated  by  Mr, 
Chambers. 

Th.e:Ahhe  deLouvois  having  a  curiofity  to  fee  the 
pra6lice  of  levelling,  and  how  the  weight  of  the 
atmofphere  is  found  by  obfervations  of  the  baro¬ 
meter,  I  made  the  following  ones  in  his  prefence, 

with  all  the  accuracy  pofTible. - We  had  the 

ufe  of  a  very  good  telefcope  level,  and  one  of  M. 
Huygens*^  double  barometers,  which  we  found  in 
the  caftle. 

One  morning  at  the  bottom  of  the  caftle,  the  li¬ 
quor  in  the  tube  of  the  barometer  flood  at  33  divi- 
fions  ~  ;  upon  which  defcending  by  the  iron  grate 
in  the  great  road  leading  to Verfailles^'WG  found  thq 
liquor  in  the  tube  fallen  to  28  divifions  -J,  the  fpace 
defcended  being  1 59  feet,  3  inches,  and  the  fall 
of  the  liquor  5  divifions  from  thefirfl  ftation. 

Continuing  then  to  defcend  in  the  great  road 
leading  to  Paris^  as  far  as  the  opening  of  a  little 
path,  which  goes  to  the  river,  we  found  the  li¬ 
quor  in  the  tube  at  24  divifions  |,  where  the  fpace 
we  had  defcended  was  1 06  feet,  3  inches,  and  the 
fall  of  the  liquor  from  the  former  ftation  was  4 
divifions. 

From  this' ftation  to  the  river  near  the  mills,  we 
defcended  134  feet,  3  inches,  when  the  liquor 
was  found  in  the  tube  at  21  divifions,  and  con- 
fequently  had  fallen  3  divifions 

After  noon  the  barometer  was  carried  to  the 
’wall  of  the  mill-pond,  at  the  top  of  the  park, 

*  June  5,  1709, 
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where  the  liquor  in  the  tube  ftood  at  38  divifions 

and  by  the  levelling  it  appeared,  that  we  had 
afcended  above  the  level  or  the  caftle  1 1 2  feet, 
4  inches. 

But  returning  in  the  evening  to  the  caftle,  I 
found  the  liquor  in  the  tube  at  36  divifions,  and 
confequently  for  thefe  112  feet,  4  inches,  the 
liquor  had  altered  2  divifions  |  ;  but  having  found 
it  in  the  morning  at  33  divifions  I,  we  learned 
that  between  morning  and  evening  a  change  of  2 
divifions  ~  had  happened  in  the  weight  of  the 
atmofphere. 

The  whole  height  from  the  river  to  the  mill¬ 
pond  was  exadlly  level  at  feveral  ftations,  and 
found  agreeably  to  the  preceding  obfervations 
512  feet,  I  inch,  or  85  fathoms,  2  feet,  i  inch, 
being  the  greateft  elevation  about  Paris. 

Towards  the  evening  I  found  the  difference  be¬ 
tween  the  furface  of  the  mercury  in  the  two  cifterns 
of  the  barometer  at  the  bottom  of  the  caftle  was 
exadlly  29  inches,  and  the  liquor  in  the  tube  was 
12  inches  ~  above  the  mercury  in  the  lower  cif- 
tern.  The  divifions  of  the  tube  for  meafuring  the 
height  of  the  liquor,  were  equal  to  4  lines  and 
which  I  take  for  4  lines  |,  on  account  of  the  fmall- 
nefs  of  the  difference,  and  for  the  eafe  of  calcula¬ 
tion. 

Now  to  deduce  the  exadl  weight  of  the  atmo¬ 
fphere  from  thefe  obfervations,  they  muft  be  re¬ 
duced  according  to  the  ftrudlure  of  this  barometer, 
as  already  explained  in  our  memoir  of  barome¬ 
ters.  But  firft,  in  order  to  compare  the  heights 
of  the  liquor  between  the  fide  of  the  river,  and 
the  top  of  the  mill-pond,  the  obfervations  muft 
be  reduced  to  the  fame  hour,  by  reafon  of  the 
change  which  happened  in  the  weight  of  the  at- 
mofphere  betv/een  morning  and  evening  ;  and  as 
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the  obfervation  at  the  river-fide  was  made  about 
noon,  I  fhall  reduce  it  to  that  made  at  the  mill¬ 
pond  in  the  evening,  when  the  liquor  was  at  38 
divifions  on  a  fuppofition  that  the  diminution 
of  the  atmofphere  proceeded  uniformly  from 
morning  to  evening.  Hence  inftead  of  21  di¬ 
vifions  obferved  by  the  river-fide,  I  take  22  ^ 
by  adding  -}  the  difference  between  morning  and 
evening,  and  fubtradting  thefe  22  divifions  ~  from 
381,  the  remainder  16  divifions  Ogives  the  al¬ 
teration  of  the  height  of  the  liquor  in  an  afeent  of 
512  feet  under  a  conftitution  of  air,  fuch  as  that 
in  the  evening  of  the  fame  day. 

The  reduction  of  the  divifions  of  the  tube  to 
the  real  height  of  mercury,  correfponding  to  the 
weight  of  the  atmofphere,  will  be  eafily  n;iade 
by  the  rules  I  have  already  given,  and  the  obfer¬ 
vation  I  made  in  the  evening  of  29  inches  diffe¬ 
rence  between  the  heights  of  mercury  in  the  cif- 
tern,  when  the  liquor  was  1 2  inches  {  above  the 
mercury  in  the  lower  ;  for  fuppofing  what  I  have 
adlually  found,  that  the  weight  of  mercury  is  to 
the  weight  of  the  liquor  in  the  tube,  as  12  to  i, 
dividing  150  lines  (to  12  inches  |)  by  12,  we 
lhall  have  12  lines  {  for  the  height  of  mercury, 
equivalent  to  1 50  lines  of  liquor.  We  mufl;  fub- 
ftraeff  therefore  12  lines  |  from  the  29  inches  dif¬ 
ference  between  the  heights  of  mercury  in  the 
cifterns,  and  the  remaining  27  inches,  1 1  lines  1 
will  be  the  height  of  mercury,  which  weighs  as 
much  as  the  atmofphere  on  the  day  of  obfervation 
towards  the  evening  at  the  height  of  the  plain  of 
the  caffle  at  Meudon^  which  is  66  fathoms,  4  feet 
above  the  river  Seine^  againfl;  the  mills  in  the 
month  of  September,  when  it  is  ufually  very 
low. 


It 
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It  remains  to  find  the  value  of  the  divifions  of 
the  tube,  with  regard  to  the  heights  of  mercury, 
which  reprefent  the  weight  of  correfpondent  divi¬ 
fions  of  the  atmofphere.  In  thefe  barometers,  which 
are  formed  according  to  the  proportions  given  by 
M.  Huygens^  where  the  diameter  of  the  cifterns  is 
14  lines,  and  that  of  ^he  tube  i  line,  weftiall  have 
it  by  a  rule  found  in  my  former  memoir,  as  1 2 
times  the  fquare  of  the  diameters  of  the  cifterns  to 
the  fquare  of  the  fame  diameter  +  23  times 
the  fquare  of  the  tube  ;  fo  are  the  divifions  of  the 
tube,  or  the  heights  of  the  liquor  to  the  heights'  of 
mercury  reprefented  by  them,  which  is  here  'as 
2352  to  219  *,  wherefore  the  16  divifions;^,  found 
between  the  higheft  and  loweft,  which  anfwer 
nearly  to  73  lines,  has  about  6  lines  \  for  the 
true  height  of  mercury,  correfponding  to  the 
change  of  weight  of  the  atmofphere,  between  the 
river-fide  and  the  wall  of  the  mill-pond  in  the 
park  ;  fo  that  dividing  512  feet,  which  is  that 
height  by  6  we  fhall  have  75  and  f f  or  12 
fathoms,  and  nearly  4  feet  height  of  atmofphere 
for  a  line  of  mercury,  at  a  time  v/hen  the  weight 
of  the  whole  atmofphere  was  27  inches,  ii  lines 
I,  at  the  furface  of  the  ground  in  the  caftle  of 
Meiidon  ;  and  above  the  river,  when  ic  is  low 
again  ft  the  mills,  at  the  foot  of  the  mountain, 

66  fathoms,  4  feet. - We  here  make  no 

account  of  the  different  weights  of  the  atmofphere, 
in  the  different  parts  of  this  height,  nor  of  the  dif¬ 
ferent  afcents  of  the  liquor,  which  might  have 
arofe  from  the  different  heat  at  different  times  of 
the  day,  which  dilates  all  liquors  more  or  lefs, 
and  even  mercury  itfelf*,  for  that  the  heat  was 
pretty  much  the  fame  at  the  beginning  and  ending 
of  the  obfervations. 

But  as  in  the  making  thefe  barometers  they 
3  might 
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might  have  deviated  a  little  from  the  proportion 
above-mentioned,  between  the  diameters  of  the 
cifterns  and  the  tube,  J  have  made  a  calculus  of 
what  would  enfue  upon  other  proportions,  and 
find  that  the  difference  would  be  very  inconfide- 
rable,  tho’  the  diameters  of  the  cifterns  were  i  or 
2  lines  either  bigger  or  lefs. 

Tho’ it  cannot  be  doubted,  that  to  find  the 
weight  of  the  atmofphere,  if  is  much  furer  to  go 
upon  great  heights  than  upon  fmall  ones,  pro¬ 
vided  fuch  heights  be  exactly  known  by  reafon  of 
the  difficulty  of  making  an  exact  eftimate  of  the 
heights  of  the  mercury  in  the  tube,  yet  I  have 
not  thought  it  amifs  to  make  obfervations  of  leffer 
heights  in  order  to  find  how  they  would  agree 
with  thofe  of  Meudon. 

Accordingly  I  have  feveral  times  obferved  the 
height  of  the  mercury  in  different  feafons,  and 
different  years,  at  the  top  of  the  terrafs  of  the  ob- 
fervatory,  and  the  bottom  of  the  vaults  and  cel¬ 
lars  thereof,  in  the  fingle  barometer  ;  and  taking 
a  medium  between  all  thefe  heights  which  agreed 
with  an  obfervation  I  had  made  in  Sept,  1 705, 
the  time  when  the  air  is  nearly  of  the  fame  heat 
in  the  vaults,  as  at  the  top  of  the  mercury  of  the 
barometer  then  ftanding  at  2  2  inches  in  the  large 
hall ;  and  confequently  the  atmofphere  being 
very  heavy,  as  it  was  when  the  obfervations 
were  made  at  Meudon  *,  and  the  feafon  beins 

^  o 

likewife  the  fame,  I  found  a  chango  of  2  lines 
in  the  heighth  of  the  mercury,  for  28  fathoms  or 
168  feet  height  of  the  atmofphere;  and  confe¬ 
quently  for  I  line  of  mercury  we  have  74  feet  f, 
or  1 2  fathom  2  feet  f  ;  and  by  the  obfervations 
made  at  Meudon  I  found,  for  the  fame  line  of 
mercury  1 2  fathoms  4  feet,  the  difference  between 
which,  viz,  I  foot  j  is  very  rnconfiderable  in 
fuch  obfervations.  Another 
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Another  obfervation^  which  I  made  at  foulon 
in  1682,  -upon  the  mpuntainr  »,which  j  is 

257  fathoms- above  the^^furface  of  the^  Tea,  gave 
me  in  that  feafon,  and  under  thofe  circumftances 
of  air,  fupppfing  the  ,  air  equally  denfe  in  this 
whole  .height,  12  fathoms  fpr  i- line  of  mer¬ 
cury. 

But  it  being  certain  that  heat  and  cold  may  oc- 
cafion  fome  alterations  in  barometers  wherein  the 
weight  of  the  atmofphere  has  no  .concern,  as  I 
have  j[he>vn  in  the  memoir  already  cited  *,  by  rea- 
fon  fome  part  of  the  air  next  the  earth  being 
heated  more  or  lefs  than  the  reft,  will  make  a 
change  in  the  bulk  both  of  the  mercury  and  the 
■  liquor  ;  befides,  that  a  moift  air  when  heated,  di¬ 
lates  more  forcibly  than  a  drier,  and  confequently 
will  fuftain-the  mercury  to  a  height  beyond,  what 
it  would  have  from  the  bare  weight  of  the  ^tmo- 
fphere,  I  have  therefore  made  feveral  ob- 

fervations  and  experiments  to  bring  all  thefe 
effe6ls  to  fome  further  rules. 

Placing  a  fingle  barometer  afide  of  one  of  M. 
^Huygens\-do\A\At  ones,  and  of  M.  Amontons  ther¬ 
mometers  by  them,  I  obferved  their  feveral 
heights  every  day  for  3  years  together,  without 
over- looking  the  leaft  circumftance  that^  might 
have  any  concern  tiierein,.-but  there  having  hap¬ 
pened  no  confiderable  cold. in  all  that  time,  but 
only  violent  heats  in  . the  fummer,  I  jcomparecjithe 
ftate  'of  thefe  barometers  in  the  greats h^at,  with 
-.that  they  were  in  at  the  mean  heat  of  the  air,  as 
it  is  found  in  the  vaults  of  the  obfervatory,  or  at 
moft  when  it  begins  to  freeze  ;  and  I  found  that 
the  mercury  in  the  fingle  barometer  does  not  un¬ 
dergo  any  fenfible  change  of  height,  whether  it 
be  expofed  to  the  open  fun  in  the  heat  of  fumnner, 
or  be  in  the  fhadc  in  a  place  moderately  cold. 

VoL.  III.  29.  B  b 
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In  the  following  obfervations  I  exprefied  the 
height  of  the  mercury  in  the  Tingle  barometer,  by 
inches,  lines,  and  points,  which  are  6th  parrs  of 
lines,  the  heights  of  the  liquor  in  the  double  ba¬ 
rometer  being  exprefied  by  the  divifions  on  that 
barometer  which  are  each  equivalent  to  4  lines, 
but  are  reduced  afterwards  into  lines. 

irch.  lln.  poi. 

I.  The  fingle  barometer  {land-  \  ^  c  . 

•  I  2 /  0^4 

ing  at  - - -  J  ' 

The  double  barometer  in  the  Great  ?  j-  * 

heats  flood  at  - 

And  in  a  moderate  degree  of  heat  at  41  \ 


The  difference  is  4 

Or 

* 

II.  The  fingle  barometer  Hand-  ] 

ing  at  -  ! 

The  double  barometer  in  the  great  \ 
heats  flood  at  '  - -  \ 


And  in  a  moderate  degree  of  heat  at  3  7 


Or 

in.  The  fingle  barometer  fland- 1 


ing  at 


The  double  barometer  in  the  great 
heats  flood  at  - 


4 

1 

6 

16  t 

27 

8  0 

42 

div. 

37 

_i_ 

4 

4 

X 

4 

19  0 

27 

11  I 

33 

div. 

28 

1 

+ 

The  difference  is  4 

Or  19 


X 

4- 


VI. 
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incli.  lin.  poi* 

\^7  9  1 


IV.  The  fiogle  barometer  (land¬ 
ing  at  - -  t  ^  7 

The  double  barometer  in  the  great 

heats  flood  at  - 

And  in  a  moderate  degree  of  heat  at  34 


The  difference  is  4 

Or  18 


V.  The  fingle  barometer  (land- 


} 

I33 

And  the  barometer  being  removed  ^ 
to  the  open  air  when  it  began  to  >  30 
freeze  flood  at  -  3 


ing  at  — - 

The  double  barometer  at  a  mode¬ 
rate  degree  of  heat  flood  at  - 


27  10  o 


5 


The  difference  is  2  f 

Or  10  f 

Being  defirous  like  wife  to  find  what  would  be¬ 
fall  the  double  barometer,  when  expofed  to  the 
fun  about  noon,  in  the  greatefl  heats  of  July^  in 
the  year  1708,  and  the  better  to  difeover  the  ef¬ 
fects  thereof,  I  placed  M.  dmontonsh  little  fpirit  of 
wine  thermometer  afide  of  it. 

I  obferved  the  liquor  in  the  barometer  at  firfl 
rife  very  flowly  in  comparifon  of  the  fpirit  of 
wine  in  the  barometer,  but  after  they  had  flood 
upwards  of  an  hour  in  the  fun,  carrying  them  back 
to  their  former  place,  which  is  in  the  fhade,  I  ob¬ 
ferved  the  liquor  in  the  barometer  flill  continued 
riling,  while  the  fpirit  of  wine,  on  the  contrary, 
kept  defeending  apace,  to  recover  its  former 
flare.  Now  tho’  fpirit  of  wine  be  very  fenfible 
of  hear, and  water  very  little  in  comparifon  there¬ 
of;  yet  one  would  expe6l  the  fame  thing  to  be- 

B  b  2  fal 
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fal  the  water  in  the  barometer,  and  the  fpirit  in 
th^  “thermometer^  and'^that  ’  the  caufe-  ceaiing,.  the 
eflfedl  muft  ceafe  like  wife.  We -find,  however; 
that  the  merfcury‘'having  received  a^muoh  greater 
degree  of  hdat  than  the  liqoor,  and  preferving  it- 
longer  withal^  by '  reafon  of  its*  greater  denfity, 
cOficinaes"ftill  to  heat  the  liquor,  even  when  re¬ 
moved  from  the  fun^-  and  thus  raifes  it  confide- 
rably  higher,  than  it  was  therein  ;  and  the  rather, 
as  the  bulk  of  the  mercury  undergoes  no  fenfibk 
change  by-  heat  and^cold,  as  T  found^by'expofing 
the  fingle  barometer  toahoTfuff. 

As  to  the  fpirit  in  the  thermometer;  the  cafe  is 
very  different  ;  for  being,  a-  fluid' very  eafy  to  be 
dilated  by  the  fmallefl:  heat,  it  condenfes  again 
with  equal  eafe  upon  the  frrtallefl:  cold. 

’Tis  beyohd  doubt,  tifat"  the  diflerent'  heights 
above^  rnehrioned,  between  the  liquor  in  the  dou¬ 
ble  barometer,  while  the  fingle  barometer  re¬ 
mained  at  the  fame  height,  and  confequently  the 
afmofphcre  was  equally  heavy,  arife  chiefly  from 
the  dilatation  of  the  liquor  *,  whereof  there  is  fuf- 
ficiertt  quantity  in  the  phial,  at  the  bottom' of  the 
barometer,  and  its  tube  flen’der :  for  upon  the 
fmallefl:  fwelling  of  this  liquor,  by  the  heat,  ar 
very  fenfible  proof  of  it  mutt  appear  in  the  little 
tube,  which  however  does  not  obtain  fo-  much  in 
my  barometer ;  where,  the  liquor  being  but  lit¬ 
tle,  the  elevation,  occafioned  by  the  heat,  is  in- 
confiderable.  I  have  fliewn  however  how  it  may 
be  applied,  without  falling  into  any  error,  by 
confounding  the  efle6l  of  the  barometer  with  that 
of  the  thermometer,  which,  in  the  double  baro¬ 
meter,  occkfions  great  irregularities. 


IK. 
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IXi  A  comparifonof  the  bar07Mtric(il  ,obfer--., 
nations ^  made  in  different  places^  bpK.  M; 
Maraldi 

To  arrive  at  the  knowledge  of  the  caufeofr  the 
phiionomena^  obferved.by  the  means.of^the  ba;‘0- 
meter,  it  is  not  fufficient  to  have  obfervations 
made  only  in  one  place,  it  is  necelTary  to  imake 
them  alfo  in*  different  countries,  to.compare.thefe 
oblervations  together,  to  obferve  the  conformity: 
between  them,  and  their  differences. 

Without  a  great  number  •  of  thefe  obfervations, 
we  are  liable  to  miftakes  in  explain ing* by -caufes, 
which  would  fuit  only  a  particular  country^ 
nomena  which  may  have  more'  general  caufes ; 
and  we  might  confider,  as  a  property!  of  the  whole 
mafs  of  air,  what  agrees  with  it  only  ini  fome* 
circumftances,  or  in  a  certain  extent  of  country.'. 

Several'  learned  men^  who  have  perceived  the 
phyfical  ufes  that  may  be  drawn  from  baroinetri-^ 
cal  obfervation-s,  have  applied’ themffelves  foi:  Ibme 
time  to  make  them  in  different  countries.  The 
marquis  Salvago  having  communicated  to  mei 
ihofe  which  he  had  made-  at  Genoa  3  years  ago, 

I  have  compared  them  with  our  own,  which  were 
made  at  the  fame  time  at  the  obfervatory.  Ja 
comparing  thefe  obfervations,  we  have  found 
fome,  which  had  particulars  in  them,  which  I 
have  thought  worthy  of  being  remarked.  I  fhall 
afterwards  relate  Ibme-  experiments  on  the  dilata¬ 
tion  of  the  air,  made  near  the  equinoctial,  which 
I  have  had  occafion  to  examine. 

The  marquis  Sahago^  in  his  obfervations  made 
at  Genoa^  ufed  a  fimple  barometer,  divided  mto 

♦  July  20,  1709. 
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inches  and  lines  of  the  Paris  foot.  This  baro¬ 
meter  is  fituated  in  an  apartment,  where  the 
quickfilver  remains  a  line  .lower  than  at  the  Tea 
Ihore,  as  has  been  found  by'  obfervation  ;  fo  that 
ifwe  would  reduce  the  obfervations  of  Genoa  to 
the’leverof  the  fea,  we  ’muft  add  a  line  to  each 
height  of  quickfilver,  which  I  fliall  hereafter  men¬ 
tion. 

In  the  relation  of  thefe  obfervations,  we  fhall 
not  follow  the  order  of  time  in  which  they  were 
made  ;  but  I  fhall  begin  with  the  moft  remark¬ 
able. 

,  In.'iyoy,  at  Paris^  from  Nov.  15  to  18,  the 
barometer  continued  for  4  days  at  the  height  of 
2^  inches  within  about  |  a  line ;  the  next  day, 
Nov.  19,  it  fell  to  27  inches,  4  lines,  having 
fallen  8  lines  in  24  hours  ;  the  next  day,  it  rofe 
again  10  lines,  being  on  November  20,  at  28  in¬ 
ches,  2  lines ;  during  this  variation  the  conftitution 
of  the  air  did  not  change  the  sky  having  been  very 
-  calm  and  ferene. 

The  fame  year,  at  Genoa.,  from  Nov.  15  to 
1 8,  the  quickfilver  continued  at  the  height  of  a 
little  more  than  28  inches,  as  it  had  been  the 
fame  days  at  P^nb.  The  next  day,  Nov.  19,  at 
Genoa.,  the  wind  being  S.  the  barometer  fell  to 
27  inches,  5  lines,  having  fallen  in  one  day  7 
lines  at  -  Genoa,  almoft  as  it  did  the  fame  day  at 
Paris.  'It  remained  only  that  day  in  the  fame 
fituation  ;  but  it  rofe  again  the  next  day  to  28 
inches*,  and  the  2  iff,  to  28  inches,  2  lines,  as 
it  happened  at  Paris,  the  wind  was  turned  to  the 

N. 

The  fame  year,  from  Nov.  20  to  28,  the  ba¬ 
rometer  .remained  TsvGenoa  and  at  Paris  generally 
at  28  inches,  i  line.  During  thefe  8  days  at 
Paris,  the  wind  was  fometimes  at  W.  and  fome- 

times 
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times  at  N.  W.  at  Genoa^  the  wind  was  always 

N. 

Nov,  30,  at  Paris^  the  barometer  fell  to  27 
inches,  o  lines,  the  wind  being  N.  W.  Bee.  i, 
it  rofe  again  to  27  inches,  10  lines,  the  wind 
being  W,  and  the  weather  fair  ;  the  next  day,  it 
rofe  2  lines  more,  having  been  at  28  inches-,  fo 
that  ztParis^  from  Nov.  28  to  30,  it  fell  above 
an  inch  in  two  days  ;  and  from  Nov.  30  to  Bee,  i, 
it  rofe  10  lines  in  24  hours. 

The  fame  variations  almoft  happened  alfo  at  Ge¬ 
noa  on  the  fame' days.  By  the  obferyations  of  the 
marquis  from  Nov,  28,  when  the  baro¬ 

meter  was  at  28  inches,  1  line,  it  fell  the  30th  to 
27  inches,  4  lines,  having  fallen  9  lines  in  two 
days,  the  wind  being  N.  E.  the  next  day,  it  rofe 
5  or  6  lines,  a  little  lefs  than  it  had  the  fame  day 
at  Paris. 

1 1  appears  from  thefe  obfervations,  that  great 
variations  happen  in  a  little  time  in  the  height  of 
the  barometer,  both  at  Paris  and  Ge^ioa  ;  and  that 
there  is  a  great  conformity  in  thefe  variations, 
which  happened  at  the  fame  time  in  fuch  diftanc 
countries.  It  appears  alfo,  that  they  have  no  great 
relation  to  the  changes  of  the  winds  ;  for  the  varia¬ 
tions  of  the  barometer,  which  happened  from  Nov. 
19  to  20,  happened  at  Paris  without  any  remark¬ 
able  alteration  of  wind;  and  if  on  thatdav  the  ba- 
rometer  fell  at  Genoa  with  a  S.  E.  wind,  and  rofe 
with  a  N.  wind  ;  in  the  variation  which  happened 
the  28th,  the  quickfilver  fell  with  a  N.  E.  wind 
which  commonly  makes  it  rife.  So  at  Paris^  the 
barometer  fell  with  a  N.  W.  wind,  and  rofe  with 
a  W.  w  ith  which  it  ufed  to  fall.  But  what  rapi¬ 
dity  muft  we  aferibe  to  the  winds,  to  caufe  fuch 
quick  alterations  in  cities  fo  didant  ? 


It 
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‘  If  li  not  -Orrily  irf ‘'thefei  fodden  variations, .  which 
happen  very  feldom,  that  we  find  this  conformity  ; 
th^re^^is  the  fime  agreement’ alfo  in' .the  changes 
^of  the  barometer,  ^hich^ are  'made ‘more  flowly, 
^^  aild' happen 'irtthefe  ' two  cities  during  the  whole 
year. 

'  As^it  would  be  tedious  to  relate  all  the  obfer- 
‘vations  made^  for  the  three  -kifi;  years,  in  which 
'  this  agreement  is 'found,  I ‘have  made  choice  of 
the  moft  remarkable. 


i7c6. 

Jaji,  I. 


/ . 


'■'At  Paris, 

‘  Bafam.  *  Winds, 

'27  ^  O  '  S. 

28  ‘  o  calm. 


'At  'Genoa, 
Bm-om,  Winds, 

r>. 


27 

2.8 


of-  ‘N. 


From  Jan.  i  to  7,.  in  the  fpace  of  6  days,  the 
quickfilvcr  rofe  I2  lines  at  PariSy  and  9  \  at 
Genoa, 


27 

28 


3  S. 

I  calm 


27  “'  5  'aS.  E. 
27  I  lf  N. 


Feh.  13. 

19. 

From  Feh.  13  to  19,  in  6^  days,  the  barometer 
rofe  10  lines  at  Paris y  and  6  at  Genoa. 

03.  31.  28  o  calm  2^  .  o  malm. 

Nov.'^  26  9- S.E.  rain .  27  i  S.W. 

20.  27  II  S.  28  I  N. 

By  the  obfervations  of  03.  31,  and  Nov.  4.  in 
4  days,  the  barometer  fell  at  Paris  13  lines  ;  it 
fell  at  the  fame  time  at  Genoa  1 1.  lines,  tho’  the 
^  winds  were  different.  Nov.  20,  the  barometer 
'•rofe  to  a  great  height,  being  the  fame  within 
about  2  lines  ii>  both  thefe  cities,  tho’  the  wind 
was  S.  at  PariSy>  and  N.  at  Genoa. 

Dec.  10  28  I  calm  28  4  N. 

15  27  I  W.  27  5  S.E. 

By 
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By  thefe  obfervations  the  barometer  fell,  in  5 
days,  about  i  inch  at  Paris  and  at  Genoa, 


At  Paris, 

170/'  Barom,  Winds, 

Mar. 1 2,  27  II  W. 

17.  ^7  5  N.  E. 


At  Genoef, 


Barom.  Winds. 

28  O  N. 

27  8  S.  E. 


In  4  days,  the  ’barometer  fell  6  lines  at  Paris^ 
and  4  at  Genoa^  tho’  the  wind  was  very  different. 

July  20,  27  II  S.  gentle  28  o  N.  gentle 

24.  27  4y  N.  W.  27  $  S.E. 


July  20,  the  winds  being  oppofiteat  Paris  and 
Genoa,  the  barometer  rofe  pretty  equally ;  it  fell 
afterwards  6  lines  in  each  place,  Jn  4  days,  the 
v/inds  having  changed,  and  being  ftill  opppfite, 
that,  is  N.  W.  at  Paris,  and  S.  E.  at  Genoa, 


Dec.  22.  27  10  S,  W.  28  o  S.E. 

27.  27  2  calm.  27  2  N.  E. 

In  5  days  the  barometer  fell  8  lines  at  Paris, 
and  loacG^;^^^. 


1708. 

Jan,  11,  26  10  cal.  and  ffir  27  3  S.W.cIo. 

17.  27  8  S.W.  27  II  S.E.  fair. 

The  barometer  rofe  in  6  days  at  Paris  10  lines, 
at  Genoa  8,  the  winds  being  very  different  in  theft 
two  cities, 

Feb,  6.  27  2:|W.  27  6|  N. 

JO.  27  10  calm  28  p  N. 

By  thefe  obfervations  the  barometer  rofe  6 
lines  in  thefe  two  cities,  the  wind  having  been 
variable  at  Paris  5  at  Genoa  it  was  always  N. 
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At  Paris.  At  Genoa. 

••  % 

1708.  Barom,  Winds.  '  Barom.  Winds, 

Mar.io.  27  8:icalmandfair2  7  7  calm 

22.  27  2  N.  27  N. 

The  barometer  being  at  a  rncan  height,  funk  in 
2  days  6  lines  at  Paris^  4  at  Genoa^  with  a  N. 
wind  at  both  cities. 


May  8. 

27 

1 1  28 

0 

N. 

17- 

27 

4  S.W  27 

54 

S.E. 

“Nov.  IQ. 

28 

2|calm  28 

2 

calm 

23- 

27 

6  N.W.  24/^.27 

5 

rain 

,  24. 

27 

I  I  -^N.W.2  5/^. 27 

10 

N. 

The  19th,  the  barometer  being  at  a  great  height 
fell  till  the  23d,  and  from  the  23d  to  the  24th 
rofe  6  lines  in  a  day.  But  at  Genoa  this  variation 
was  a  day  after  it  happened  at  Paris, 

Dec.  10.  27  I  It  calm  27  ii  N. 

15.  27  I  rairi  27  5  rain 

By  all  thefe  obfervations,  and  a  great  many 
others,  which  I  do  not  relate,  it  is  nianifeft,  that 
there  is  a  great  agreement  in  the. variations,  which 
happen  at  the  fame  time  at  P arts at  Gtnoal, 
whether  thele  alterations  were  quick  and  fudden, 
like  thofe  which  were  firft  related,  or  more  flov^. 
like  the  laft. 

This,  correfpondence  of  the  alterations  of  the 
barometer,  fee  ms  to  have  no  great  relation  to  the 
conftitution  of  the  air,  or  to  the  winds,  which 
prevail  at  the  fame  time  in  different  countries  ;  for 
the  quickfilver  rifes  at  Genga.^  when  it  rifes.atP^r/V,, 
and  falls  in  like,  manner,  whefher  there  is  the 
fime  conftitution  of  the  air,  *or  whether  the  fame 

I 

^^ind  prevails  in  both  thefe  cities,  which  i§  v;?ry 

rare  i. 
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tare  \  or  whether  both  of  them  are  different.  It 
would  be  a  thing  worth  examining  by  obferva- 
tions  made  in  very  diftant  places,  to  what  dif- 
tance  fuch  a  conformity  in  the  variations  of  the 
barometer  is  found. 

This  long  fcries  of  obfervations  at  Paris  and 
Genoa^  compared  together,  (hews,  that  to  find 
the  height  of  mountains,  by  barometrical  experi¬ 
ments  made  at  the  flime  time  in  different  places, 
after  the  manner  propofed  in  the  memoirs  of  the 
academy,  thofe  muft  be  made  ufe  of,  where  the' 
quickfilver  keeps  in  the  barometer  at  a  mean 
height,  and  prefer  thefe  before  others,  where  the 
quickfilver  is  found  near  to  greater  and  fmaller 
elevations,  becaufe  in  the  mean  heights  of  the 
quickfilver  the  differences  between  different  coun¬ 
tries  are  more  uniform. 

By  the  comparifon  of  the  obfervations  made 
with  this  choice,  we  find  between  Paris  and  Gei'ioa 
a  difference  of  3  lines  height  of  quickfilver,  which 
it  has  a^  Genoa  more  than  at  Paris  ;  and  as  in 
the  obfervations  at  Genoa^  the  barometer  is  a  line 
lower  than  it  fliould  be  at  the  fea-fide^  there  re- 
fults  a  difference  of  4  lines  of  quickfilver  between 
the  Paris  obfervations,  and  thofe  which  fhould 
be  made  at  Genoa  by  the  fea-fide.  This  difference 
between  the  level  of  the  fea  at  Genoa  and  at  Paris 
agrees  with  what  had  been  concluded  by  the  ob- 
fervarions  of  Paris  and  Colioure^  related  in  the 
memoirs  of  i  703. 

It  has  been  obferved  in  this  memoir,  that  the 
differences  which’  happen  to  the  barometer  in  the 
fame  place,  between  the  greateft  and  fmalleft  tie 
vation,  are  greater  in  the  northern  than  in  the 
fouchern  countries,  where  thefe  differences  lelTen  5 
fo  that  towards  the  equinoctial  they  are  reduced 
to  a  trifle. 

C  c  2  Several 
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Several  obfervations  received  fince  that  time 
from  feveral  places,  are  conformable  to  this  ob- 
fervation.  At  Upminfter^  in  England^  which  is 
more  N.  than  Parts^  the  variations  of  the  baro¬ 
meter  are  alfo  greater  than  at  Paris  •,  thofe  at  Pa¬ 
ris  are  greater  than  at  Genoa  *,  and  the  variations 
obferved  at  Genoa^  are  alfo  greater  than  thofe 
which  result  from  the  obfervations  of  F.  Laval 
made  laft  year  at  Marfeilhsy  which  is  more 
fouthern  then  Genoa, 

This  remark,  which  is  confirmed  by  a  great 
number  of  obfervations  made  at  the  fame  time 
in  different  places,  does  not  agree  with  the  obfer¬ 
vations  made  by  M.  Scheuch’zer  at  Zitrick  thefe  3 
laft  years  ;  for  tho*  Zurich  is  much  more  to  the 
N.  ihmGenoa^  the  variations  hav’e  been  obferved 
to  be  fomething  fmaller  at  Zurich^  fir  from  hav¬ 
ing  been  greater  than  at  Genoa,  In  1706,  the 
difference  between  the  greateft  and  leaft  elevation 
of  the  barometer  was  20.  Zurich  10  lines.  At 
hoa,,  the  fame  year,  this  difference  was  i  inch, 
I  line.  In  1707,  at  Zurich,^  it  amounts  to  1 1 
lines  *,  zi  Genoa,,  it  was  i  inch.  In  1708,  by  the 
obfervations  made  at  Zurich  with  the  upright  ba- 
'  rometer,  which  I  think  preferable  to  the  inclined 
one,  the  variation  was  10  lines  ;  at  Genoa  i  inch  j 
at  Marfeilles  10  linens  as  at  7.urick, 

It  muft  be  obferved,  that  the  places  of  the  ob¬ 
fervations,  where  this  rule  is  found,  are  fituated 
at  heights  very  little  different  from  each  other,  and 
are  but  little  elevated  above  the  furface  of  the  fen, 
as  appears  by  the  difterence  of  the  heights  of  the 
barometer^  which  is  found  between  thefe  obferva¬ 
tions,  and  with  regard  to  thofe  which  have  been 
made  near  the  level  of  the  fea.  But  it  is  not  fo 
•with  regard  to  the  obfervations  of  Zurich,,  which 
are  not  conformable  to  this  rule.  For  by  the  ob- 
‘  '  *  fervations 
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fc-rvations  made  during  the  whole,  year  1708  at 
Genoa  and  Zurich  compared  together,  there  is  a 
difference  of  i  inch,  8  lines  of  quickfilver,  found 
between  the  level  of  the  Tea  and  Zurich  \  which 
fliews  that  the  place  of  the  Zurich  obfervations  is 
very  much  elevated  above  the  places  of  the  other 
obfervations,  and  itili  more  above  the  level  of  the  ■ 
fea. 

This  variation  of  the  barometer  being  lefs  in  the 
high  places  than  in  the  low  ones,  is  alfo  confirmed 
by  the  obfervations  fent  laff  year  by  F.  Laval  to 
the  academy  :  for  having  made  barometrical  ob¬ 
fervations  for  10  days  together  on  the  mountain 
of  St.  Pilon.^  which  is  more  northward  by  2'  of  a 
degree  than  Marfeilles.^  and  is  elevated  above  the 
level  of  the  fea  about  480  toifes ;  having  com¬ 
pared  them  with  thofe  which  were  made  at  the 
fame  time  at  the  obfervatory  at  Marfeilles.^  he  ' 
found  that  at  Marfeilles  the  barometer  varied  2 
lines  when  it  varied  but  i  line  4  St.  Pilon, 

F.  Laval  aferibes  this  difference  partly  to  the 
heat,  which  is  lefs  in  elevated  than  in  low  plac^, 
partly  to  the  nature  of  the  air,  which  being  more 
rarefied  in  the  elevated  places,  is  lefs  fubjed  to 
the  alterations,  which  contribute-  either  to  its 
heavinefs  or  lightnefs. 

We  might  fuppofe,  that  it  is  fome  heteroge¬ 
neous  matter  difperfed  in  the  air,  which  caules 
a  part  of  thefe  variations,  and  has  a  greater  effet^ 
in  the  lower  air  than  in  the  upper. 

Having  compared  together  the  barometrical 
experiments,  which  have  been  hitherto  made  iii 
different  parts  of  the  earth  during  the  whole  year, 

I  have  found  that  the  variations  of  the  barometer 
obferved  at  Zurich  approach  much  nearer  to  the 
variations  obferved  near  the  equinocffial,  than  the 
others  made  hitherto  in  Europe. 

3 


1 
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I  have  examined  on  this  occafion  various  expe¬ 
riments  made  near  the  equinoctial  on  the  dilata¬ 
tion  of  the  air,  to  fee  whether  the  air  of  this  cli¬ 
mate  by  dilating  followed  the  reciprocal  ratio  of 
the  weights  from  which  it  is  relieved,  according 
to  M.  Mariottees  rule. 

Thefe  experiments  were  made  at  Malaca  by 
F.  de  Beze^  during  a  flay  of  7  months  which  he 
made  at  that  place,  which,  tho*  fituated  in  2  de¬ 
grees  of  north  latitude,  enjoys,  according  to  the 
report  of  the  fame  father,  a  pretty  temperate  air 
for  the  climate,  the  heat  being  temperate,  and 
not  very  variable. 

Thefe  experiments  are  related  among  the  Oh- 
fervations  Phyfiques  ^  Mathematiques^  printed 
in  1692,  with  F,  Gouia^s  notes  in  the  following 
terms. 

An  able  philofophcr  told  me  before  my  de- 
panure  from  France,  that  he  had  been  affured 
“  that  there  was  no  feafiblc  difference  in  the  ba^ 
rometer,  found  in  all  the  places  fituated  be- 
‘‘  tween  the  tropicks,  provided  the  obfervatiort 
““  was  made  in  a  place  on  a  level  with  the  fear 
I  was  willing  to  examine  the  truth  of  this  when 
“  I  arrived  in  the  Indies  ■,  and  as  I  had  no  baro- 
“  meter  mounted,  I  made  ufe  of  a  glafs  tube  29 
inches  long,  fealed  hermetically,  and  exaClly 
divided  into  inches  and  lines,  with  which  I 
“  made  the  Foricellian  experiment  in  different 
places  between  the  tropicks  5  but  I  have  found 
“  every  where  a  pretty  lenfible  difference  in  the 
‘‘  elevation  of  the  quickfilver,  not  only  with 
‘‘  regard  to  the  different  places  where  I  cb- 
‘‘  ferved,  but  often  alfo  in  the  fame  place,  where 
the  quickfilver  was  more  or  lefs  elevated  ac- 
cording  to  the  different  difpofitions  of  the  air*, 
“  tho*,  CO  lay  the  truth,  this  difference  does  noc 

equal 
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equal  that  which  is  found  out  of  the  tropicks, 
fince,  according  to  what  I  have  been  able  to 
“  obferve,  it  does  not  exceed  5  or  6  lines. 

“  I  have  already  fent  to  France  the  experiments 
which  1  had  made  on  this  fubjedt  at  Siam  and 
Pondichery,  Thefe  are  what  we  made  at  Ma^ 
‘‘  laca  and  Batavia, 

“  Having  chofen  at  Malaca  a  day  when  the 
air  appeared  very  pure^  and  the  heaven  was 
“  not  covered  with  any  clouds,  to  make  the  ex- 
periment:  we  found,  that  the  quickfilver  in 
“  the  tube  kept  up  conftantly  to  the  height  of 
•‘26  inches  6  lines  above  the  furface  of  that 
‘‘  which  was  in  the  bafon. 

‘‘  The  heat  was  at  that  time  pretty  great  for 
‘‘  the  climate,  and  the  thermometer  was  at  69  deg. 

“  As  I  have  obferved  by  feveral  experiments, 
‘‘  that  the  quickfilver  ufually  kept  up  to  a  greater 
“  height  when  the  heat  was  lefs,  and  that  it  fell 
“  when  the  heat  increafed,  tho*  the  Iky  was 
“  equally  ferene  and  clear,  I  thought  it  would  be 
‘‘  proper  to  mark  the  degrees  of  the  thermometer 
‘‘  at  the  lame  time,  tho’  there  is  not  an  exadb 
proportion  between  them. 

‘‘  Being  afterwards  willing  to  try  the  elaftic 
‘‘  force  of  the  air,  we  left  three  inches  of  air  at 
“  the  top  of  a  tube,  and  having  reverfed  it  in 
the  quickfilver,  where  it  immerged  7  lines, 
“  that  of  the  tube  remained  at  the  height  of  20 
“  inches  7  lines  above  the  furface  of  the  other  *, 
and  the  air  dilated  occupied  7  inches  10  lines.” 
Having  afterwards  left  7  inches,  6  lines  of  air, 
the  quicklilver  remained  at  the,  height  of  16  in¬ 
ches,  and  the  air  dilated  occupied  12  inch.  5  lin. 

In  confidering  thefe  obfervations,  it  is  eafy  to 
fee  that  they  do  not  follow  M,  Mariotte*^  rule  ; 
ipr  in  the  fir fl:  experiment,  7  inches  10  lines  of 

air 
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^ir  dilated  after  the  reverfingof  the  tube,  to  3  in¬ 
ches  of  natural  air  before  the  reverfing,  has  not 
the  fame  proportion  as  26  inches  6  lines  in  vacuo ^ 
to  5  inches  5  lines  excefs  of  26  inches  6  lines,  to 
20  inches  7  lines,  the  height  which  the  quick- 
filver  had  with  the  dilated  air,  as  it  ought  to  be 
according  to  the  rule.  It  is  the  fame  with  the  fe- 
cond  experiment ;  but  in  thefe  2  experiments, 
the  proportion  of  the  dilated  air  to  the  natural  air, 
is  lefs  than  the  atmofphere,  to  the  difference  be¬ 
tween  the  height  of  quickfilver  in  the  vacuum^  and 
the  height  of  the  quickfilver  w'ich  the  dilated  air. 

Having  calculated  thefe  2  experiments,  to 
know  what  the  dilatation  of  the  air  fliould  be  by 
the  common  rule  ;  in  the  firft  where  the  natural 
air  was  3  inches,  after  the  reverfing  the  dilated 
air  ought  to  occupy  according  to  the  rule  9  in¬ 
ches  1 1  lines  ;  but  by  the  experiment  it  occupied 
no  more  than  7  inches  10  lines;  the  difference 
between  the  experiment  and  the  rule  is,  2  inches 
I  line,  by  which  the  fpace  occupied  by  the  dilated 
air,  was  lefs. 

In  the  fecond  experiment,  7  inches  6  lines  of 
natural  air  after  the  reverfing,  ought  according  to 
the  rule,  to  be  dilated,  and  fill  the  fpace  of  15 
inches  i  line;  but  by  the  obfervation  it  occupied 
no  more  than  12  inches  5  lines  ;  the  difference 
between  the  obfervation  and  the  rule  is,  2  inches 
8  lines,  by  which  the  obfervation  is  lefs  ;  and  con- 
fequently,  according  to  thefe  experiments,  the  air 
of  Malaca  does  not  follow  the  rule,  and  is  lefs  di¬ 
lated  than  that  of  Europe, 

Befides  thefe  experiments  made  at  a  time  when 
the  air  was  pure  and  ferene,  F.  de  Beze  made 
others  alfo,  whilft  the  fky  was  lefs  clear,  and  very 
cloudy,  and  that  the  height  of  the  quickfilver  in 
the  vacuum  was  greater  than  in  the  preceding  . 
obfervations.  They 
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They  are  related  after  the  firfl;  in  the  follow¬ 
ing  manner. 

“  At  the  end  of  the  moon,  the  fky  being 
“  very  cloudy,  and  the  air  lefs  clear  than  ordi- 
“  nary,  I  repeated  thefe  experiments  in  the  fame 
‘‘  place,  the  thermometer  was  at  63  degrees. 

“  Having  filled  the  tube  with  quicksilver, 
“  and  reverfed  it  in  that  of  the  bafon,  where  it 
immerged  one  inch  ;  it  kept  up  at  the  height 
‘‘  of  26  inches  10  lines  |  above  the  furface  of  the 
“  quickfilver. 

“  Having  afterwards  put  fome  quickfilver  in 
“  the  tube  to  the  height  of  26  inches,  that  there 
might  remain  3  inches  of  air,  and  having 
“  plunged  it  in  the  quickfilver,  the  air  dilating  it- 
felf,  occupied  7  inches  5  lines  I,  and  the 
quickfilver  20  inches  6  lines 
“•  Having  left  6  inches  of  air,  the  quickfilver 
“  kept  at  the  height  of  17  inches  2  lines  and 
“  the  dilated  air  filled  the  reft  of  the  fpace  10 
“  inches  9  lines 

“  Having  left  9  inches  of  air,  the  quickfilver 
occupied  but  14  inches  6  lines,  and  the  dilated 
“  air  13  inches  6  lines.  Thefe  experiments 
were  made  in'a  place  raifed  15  or  20  feet  per- 
pendicular  above  the  level  of  the  fea.” 

By  the  comparifon  which  we  have  made  of 
thefe  obfervations  with  the  rule,'  we  find  the  fame 
difference  between  them  as  in  the  preceding  ob¬ 
fervations  *,  for  the  3  inches  of  natural  air  after 
the  reverfme,  dilated  in  fuch  a  manner  as  to  oc- 
cupy  only  7  inches  5  lines  |,  whereas,  by  the 
rule,  it  ought  to  contain  a  fpace  of  9  inches  S 
lines'  y.  The  difference  between  the  obfervation 
and  the  rule  is  2  inches  i  line  j ,  within  about  \ 
a  litie  of  what  was  found  in  the  firft  of  the  pre- 
VoL.  III.  N^.  30.  D  d  '  ceding 
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ceding  experiments,  which  fhews  the  cxa(5lnefs 
of  both  of  them. 

In  the  fecond  experiment,  6  inches  of  natural 
air  inclofed  in  the  tube,  after  the  reverfing  fills 
the  fpace  of  10  inches  9  lines  *,  this  fpace,  by 
the  calculation  founded  upon  the  rule,  fhould  be 
13  inches  3  lines.  The  difference  is  2  inches  5 
lines  by  which  the  dilatation  is  found  lefs  by 
the  obfervation  than  by  the  rule. 

In  the  lafl  experiment,  9  inches  of  natural  air 
inclofed  in  the  tube  being  dilated  by  the  reverfing, 
occupied  13  inches  6  lines,  and  by  the  calcula¬ 
tion  founded  upon  the  rule,  it  ought  to  fill  16 
inches  i  line  T  The  difference  is  2  inches  7  lines 
5,  by  which  the  experiment  gives  lefs  than  ti  e 
rule. 

It  is  therefore  manifefi:  by  all  the  experiments 
of  F.  de  Bezp^  that  the  dilatation  of  the  air, 
which  refults  from  them,  is  much  fmaller  than 
that  of  our  air,  and  that  it  does  not  follow  the 
proportion  found  by  the  experiments  of  Europe. 

It  might  be  fuppofed  that  this  fhernomenon 
comes  from  the  particular  conflitution  of  the  air 
of  MalacUy  which  being  very  much  ratified  by 
the  heat  of  the  climate,  is  afterwards  lefs  fufeep- 
tible  of  fo  great  a  dilatation  as  ours  ;  but  fo  fir 
as  we  may  judge  by  experiments  made  in  Europe.^ 
this  explanation  alone  is  not  fufficient  to  give  the 
reafon  of  the  great  difference  between  the  dilata¬ 
tion  of  our  air,  and  that  of  Malaca.,  even  though 
we  fhould  fuppofe  the  heat  which  caufed  this  rare- 
fadfion  to  be  as  great  as  that  of  boiling  water. 
Thefe  are  the  oblervations  which  we  made. 

I  took  a  tube  38  inches  long,  in  which  I  put 
quickfilver  to  the  height  of  35  inches,  fo  that 
there  remained  3  inches  of  air  *,  1  immerged  this 
whole  tube  in  boiling  water,:  to  rarefy  the  air 
contained  in  it;  I  afterwards  flopped  the  aperture 

with 
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with  my  finger,  and  having  taken  the  tube  out 
of  the  water,  I  reverfed  it  in  the  quickfilver  *,  fo 
that  above  an  inch  was  im merged.  Immediately 
after  the  reverfing,  the  quickfilver  kept  within  a 
few  lines  of  where  it  keeps  by  the  dilatation  alone 
without  having  rarefied  it.  But  the  quickfilver 
was  feen  to  rife  in  the  tube,  as  fall  as  the  air  was 
condenfed  in  cooling  >  and  when  it  w^s  entirely 
cooled,  the  quickfilver  rofe  an  inch  and  2  lines 
more  than  it  did  immediately  after  the  reverfing, 
and  more  than  M.  Mariotte's  rule  required  •,  and 
confequently  the  rarefied  air  was  lefs  dilated  than 
by  the  rule,  by  the  fame  quantity  of  i  inch  and 
2  lines.  We  have  found  by  the  experiments 
of  Malaca^  that  the  3  inches  of  atr  dilated  2 
inches  i  line  lefs,  than  by  the  rule  ;  the  air  of 
Malaca  therefore  dilates  lefs  than  our  air  rarefied 
by  the  heat  of  boiling  water. 

1  made  the  fame  experiment  upon  6  inches,  and 
afterwards  upon  9  inches  of  air,  and  I  always 
found  that  our  air  rarefied  by  heat,  dilated  much 
lefs  than  the  air  of  Malaca,  and  that  the  diffe¬ 
rence  found  with  regard  to  the  rule  is  twice  as 
great  in  the  air  of  Malaca  as  in  ours  rarefied. 
Whence  we  may  infer,  that  this  lefs  dilatation  of 
the  air  of  Malaca  comes  not  only  from  the  great 
heats  of  the  climate,  but  from  its  own  nature  be¬ 
ing  lefs  apt  to  dilate  than  ours. 

As  the  air  dilates  otherwife  at  Malaca  than  it 
does  in  France,  at  an  aim  oft  equal  height  with 
the  furface  of  the  fea  ;  and  as  in  France  the  dila¬ 
tation  is  found  at  great  heights  different  from 
that  which  happens  to  the  lower  air,  as  refults 
from  the  obfervaiions  made  on  the  mountains  of 
Auvergne  and  Roufillon,  we  may  infer,  that  the 
whole  mafs  of  the  air  has  not  the  property  of  di¬ 
lating  itfelf  according  to  the  ratio  of  the  weights. 

D  d  2  We 
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We  may  alfo  infer  from  thefe  different  dilatations, 
that  the  air  is  heterogeneous  in  thefe  different 
parrs,  and  that  we  fhould  therefore  be  cautious 
of  founding  a  general  fyftem  upon  particular 
experiments,  let  them  be  ever  fo  certain  and  nu¬ 
merous. 

It  muff  be  obferved,  that  at  Cayenne^  die  pa¬ 
rallel  of  which  differs  from  that  of  Malaca  txit 
2  degrees  \  towards  the  N.  the  refractions  of  the 
liars  have  been  found  fmaller  than  in  Europe.  It 
would  be  a  thing  worth  examining,  w’hethe^  any 
relation  is  found  between  the  nnanner,  in  which, 
the  air  is  dilated  under  feveral  climates,  and  the 
different  refradlions  of  the  celeftial  objeCts  obferved 
at  equal  heights  above  the  furface  ol  the  fea. 

X.  Obfer^'atiom  on  cray-jijl\  by  M.  Geof¬ 
frey,  junior  ^  ;  tranjlated  by  Mr,  Cham¬ 
bers. 

Among  the  multitude  of  obfervations  on  the 
feveral  parts  of  natural  hiftory,  there  arc  fbmc 
ft  ill  obfeure,  and  as  it  were  unknown,  for  want 
of  being  confirmed  by  new  experiments  :  and  yet 
the  making  new  difeoveries  is  not  enough  to  make 
philolbphy  flourifh,  unlefs  we  prevent  the  old 
cnes  from  being  loft.  Hence  there  is  a  neceftity 
for  handling  a- new  feme  fubiedls  which  leem  to 
have  been  negleCted  for  a  certain  fpace  of  time, 
and  of  which  nothing  is  known,  but  upon  the 
credit  of  fome  writer,  whom  it  may  not  always 
be  fafe  to  truft. 

In  purfuing  this  method,  one  has  the  pleafure 
either  of  confirming  the  vulgar  opinion,  or  of 
conftiting  it,  or  at  leaft  of  clearing  and  explaining 
it  ;  lor  wlien  only  a  few  perfons  have  treated  a 
*  Ang.  23,  1709. 


fubjeCI, 


Royal  Academy  of  Sciences.  245 

fiibjed,  it  rarely  proves  to  be  exhaufted.  This 
was  what  induced  me  to  make  oblervations  a-new 
on  the  cray-fifh,  and  particularly  on  the  ftones 
found  therein  at  the  time  when  they  change  their 
covers,  and  which,  by  reafon  of  their  figure,  are 
called  crabs-eyes. 

The  common  opinion  touching  thefe  ftones  is, 
that  they  are  found  in  the  brain  of  the  animal, 
which  is  what  Gefner^  Agriccla^  and  Bellcnius  af¬ 
firm  •,  and  yet  fo  far  are  they  from  being  in  the 
brain,  that  they  are  rather  found  about  its  fto- 
mach. 

Van  Helmont  feems  to  have  been  the  firft  who 
apprehended  this,  but  be  having  rendered  him- 
lelf  fufpedlive  on  other  occafions,  his  opinion  coukil 
not  make  its  way  ;  but  the  vulgar  one  ftill  pre¬ 
vailed,  except  in  a  few  perfons  who  could  fee  that 
experience  was  for  him. 

This  author  had  obferved^  that  towards  the 
middle  of  June  the  cray-fifties  begin  to  grow 
fick,  as  being  the  time  when  they  are  to  change 
their  coats,  or  covers.  For  nine  days,  and  up¬ 
wards,  they  continue  languifliing,  and  as  it  were 
dead  ;  in  which  compafs  of  time,  Helmont  af¬ 
firms,  that  a  new  membrane  is  formed,  which 
inclofeS  the  ftomach,  and  that  between  this  and 
the  former  ftomach,  a  milky  liquor  is  difeharged, 
which,  falling  on  either  fide,  hardens  into  ftone. 
This  new  membrane,  according  to  him,  arifes 
from  the  pellicle  formed  on  the  furface  of  the 
milkydtquor,  and  growing  into  a  new  ftomach  ; 
the  old  one  within  it,  and  the  remainder  of  the 
liquor  with  the  ftones  themfelves,  refolve  by  little 
and  little,  and  ferve  the  animal  for  food  during 
27  days  that  thefe  ftones  laft ;  for  the  animal  eats 
nothing  all  this  while,  nor  is  there  any  thing  elfe  ' 
found  in  its  ftomach. 
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•  I  have  not  been  able  to  trace  all  thefe  matters 
related  by  Van  Helmont^  but  have  made  fome  ob- 
fervaiions  which  agree  with  his. 

•  I  have  found  cray-fifhes  very  fofr,  and  fo  ready 
to  quit  their  fliell,  that  it  was  quite  raifed,  fo  as 
to  let  the  new  one  appear  under  it,  like  a 
very  thick  membrane,  which  only  wanted  time 
to  become  as  hard  as  that  going  off. 

This  outer  fhell  when  it  rofe,  I  found  very 
thin,  and  the  inner  membrane,  which  ufes  to  line 
it,  no  longer  adhering  thereto,  but  forming  a 

new  fhell. - And  the  like  I  have  obferved  in  the 

tail,  commonly  Called  the  neck  of  the  cray-fifh, 
where  the  fbells  readily  arofe,  and  let  the  mem¬ 
brane  that  was  to  fucceed  them  appear. 

The  fame  I  have  found  upon  breaking  the 
claws  *,  fo  that  upon  the  whole  we  may  fay,  that 
while  the  craw-fifh  is  putting  off  its  fhell,  the  in¬ 
ner  membrane  thereof  feparates  therefrom,  and 
growing' gradually  thicker,  at  length  forms  a 
new  fhell. 

And  I  have  fince.  obferved,  that  thofe  which 
are  beginning  to  quit  their  fhells,  and  whofe  in¬ 
ner  membrane  is  come  to  a  competent  thicknefs, 
have  ftones  in^them  perfe6i;ly  formed,  refembling 
in  figure  the  heads  of  young  mufhrooms. 

To  afeend  to  the  origin  of  thefe  ftones,  I  have 
opened  cray-fifhes  at  other  times  of  the  year  with¬ 
out  finding  any  thing  in  them :  but  in  my  laft 
obfervacions  made  this  month  of  Augujl^  opening 
fome  vigorous  cray-nfhes,  which  were  only  be¬ 
ginning  to  moult,  in  lieu  of  each  ftone,  I  found  a 
film  or  lamina^  fwimming  in  the  middle  of  a 
flimy  fubftance,  and  which  was  perfedlly  the  cm- 
hryo  of  the  ftone.  This  ftone,  with  its  dime, 
were  inclofcd  in  a  little  flendcr  membranous 
bag. 
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I  have  found  others,  where  the  ftones  were 
quite  formed,  and  the  ftomach  foJid  and  full  of  a 
browniHi  liquor,  very  mouldy  and  fetid. 

Under  the  bag  where  the  ftones  are  inclofed,  I 
have  found  a  flat  membranous  veficle,  whofe  ufe 
I  do  not  underftand,  only  it  has  been  obferved, 
that  when  the  ftone  difappears,  this  veficle  be¬ 
comes  full  of  a  fweet  limpid  water,  and  pofteftes 
the  fame  fpace  as  the  ftone  poflefled.  In  others, 
I  have  found  large  fair  ftones,  and  a  new  delicate 
membrane,  inclofing  the  ftones  and  the  ftomach. 
Upon  raifing  this  membrane,  there  were  3  new 
teeth  vifible  thereon,  fimilar  in  all  refpetfts  to 
thofe  of  the  old  ftomach  ;  fo  that  no  doubt  can 
any  longer  remain,  whether  this  membrane  be¬ 
comes  at  length  the  real  ftomach.  ‘ 

In  Cray  -  fifties,  which  had  caft  their  coats, 
I  have  found  the  ftomach  full  of  a  brown  liquor, 
the  membrane  of  the  ftomach  being  here  very 
tender,  and  no  appearance  of  vifeid  matter  in  if, 
nor  any  remains  of  the  former  ftomach.  The 
ftones  were  much  leftened,  and  appeared  as  if  co- 
roded  by  feme  diftblvent  ;  they  were  covered 
with  a  very  fine  membrane,  which  was  the  only 
thing  that  parted  them  from  the  cavity  of  the 
ftomach. 

In  other  cray- fifties,  which  had  moulted  a  lon- 
srer  time,  I  did  not  find  the  ftones  in  their  ufual 
places,  but  quite  in  the  ftomach,  where  they  were 
joined  together  by  their  concave  parts. 

In  others,  where  the  new  fhell  was  almoft  ar¬ 
rived  at  its  full  bardnefs,  I  found  nothing  in  the 
place  where  the  ftones  ufed  to  be  lodged,  but  a 
white  fpot,  which  was  no  more  than  the  two 
membranes  of  the  veficle,  that  had  contained  the 
ftone,  fhrunk  clofe  together.  Upon  opening  the 
ftomach,  I  found  it  full  of  a  yellow  liquor  and 

.  food. 
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food,  without  any  remains  of  a  ftone  ;  and  have 
ibmetimes  even  found  pieces  of  fhells,  and  claws 
of  other  cray-fifhes  half  digefted  therein.  In 
thefe  laft  are  like  wife  found  the  fpace  formerly 
poffeffed  by  the  (tones,  taken  up  by  another  ve- 

fide,  full  of  water,  already  mentioned. - All 

which  obfervations  prove, 

.  i(t.  That  the  (tones  taken  from  the  heads  of 
cray-fifhes,  are  not  lodged  in  their  brain,  but 
rloled  in  the  (tomach,  which  is  placed  below. 

2dly,  That  they  are  not  the  feed  or  origin  of 
die  new  (hell,  as  fome  have  imagined,  fince  they 
fubfilt  after  the  (hell  is  formed. 

3dly,  That  upon  ca(ting  their  (liells,  they 
likewife  change  their  (tomach,  without  any  appa¬ 
rent  renovation  in  the  other  parts,  excepting  the 
inte(tine,  which  feems  to  (hare  the  fate  of  the 
(tomach. 

4thly,  That  the  (tonei  are  not  found  till  their 
feafon  of  moulting,  and  that  they  are  afterwards 
lodged  in  the  new  (tomach,  where  ^they  continue 
lefTening,  and  at  length  are  totally  confumed. 

5thly,  That  thefe  (tones,  together  with  the 
old  (tomach,  ferves  the  animal  as  food  during  its 
fickncfs,  occafioned  by  the  moulting. 

Some  authors  imagine,  that  the  blue  colour  of 
fome  of  thefe  (tones  arifes  from  a  peculiar  malady, 
incident  to  fome  of  them  at  the  time  of  their 
moulting'  If  this  be  not  the  real  caufe,  ’tis  at 
leaft  certain,  that  the  fioncs  of  this  colour  aflume 
a  flefh  colour  by  boiling  ;  and  I  have  even  known 
them  turn  red  by  the  mere  heat  of  the  fun. 

Hence  it  is,  that  among  thofe  ufed  in  the 
(hops,  fome  arc  blue,  and  others  carnation  ;  fof 
I  can  fcarce  conceive  that  the  greateft  part  of  the 
ftoncs,  commonly  fold,  are  counterfeit,  as  fome 
have  aflerted,  on  account  that  the  great  quantity 

thereof 
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thereof  in  ufe,  fince  we  find  cray-fifhes  enough 
almoft  every  where  ;  be  fide,  that  thefe  (tones 
confi ft  of  layers,  or  ftrata^  like  bezoar,  which 
arc  would  have  much  ado  to  imitate  ;  not  to 
mention  that  they  turn  black,  exfoliate  and 
yield  a  urinous  fmell  upon  calcination  \  a  proof 
of  their  being  really  derived  from  the  animal 
kingdom.  To  which  may  be  added,  that  in  the 
analyfis^  they  yield  an  urinous  fpirit,  with  a  little 

volatile  fait.  - - Upon  the  whole,  kis  more 

than  probable,  that  the  crabs  eyes  ufed  among 
us,  are  taken  from  the  living  animals  *,  and  that 
the  blue  or  ruddy  ones,  mixed  among  them,  come 
from  the  fick  and  dead  ones. 

The  virtues  of  crabs  eyes  are  commonly  fup- 
pofed  to  be  no  other  than  as  meer  abforbents  *, 
but  the  following  experiment  will  prove,  that 
they  have  other  properties,  which  carry  them  in¬ 
to  the  very  mafs  of  blood. 

A  perlbn  having  taken  a  potion,  wherein 
crabs  eyes  were  an  ingredient  for  fome  acrimo¬ 
nies  which  incommoded  him,  found  himfelf 
feized  all  at  once  with  an  eryfipelas  in  the  face, 
which  hereby  became  ftrangely  bloated,  attended 
with  violent  prickings,  the  bloating  reached  his 
throat,  and  hindered  his  fwallowing.  At  nrft, 
it  was  feared,  that  fomething  had  been  mixed 
among  the  crabs  eyes,  or  that  they  had  been 
pounded  in  a  brafs  mortar,  and  had  imbibed  the 
pernicious  quality  thereof ;  upon  which  the  fame 
potion  was  ordered  with  other  crabs  eyes,  which 
.ftill  produced  the  fame  effedl,  till  at  length  the 
patient  being  informed  that  there  were  crabs  eyes 
in  the  draught,  eafed  the  phyfician  of  his  per¬ 
plexity,  by  telling  him,  that  (lie  had  found  the 
like  every  time  (lie  had  taken  crabs  eyes  ;  upon 
which,  the  crabs  eyes  being  difcontinued,  the 
VoL.  III.  N^.  30.  E  e  fymptom 
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fymptopn  ceakd,  and  it  has  been  fince  obferved, 
that  crab’s  eyes  had  the  fame  efFed;  on  her  Ton  ; 
upon  which  it  may  not  beaniifs  10  obferve,  how 
much  the  efFed  of  remedies  may  be  difturbed  by 
conlUtutions.  Tho’  we  only  fpeak  of  the  flones 
found  in  cray-liflies :  yet  there  is  a  Ipeciesol  lob- 
flers,  called  aftacus  marinus^  where  they  are  like- 
wife  found.  This  fpecies  is  perfcdly  like  our 
cray-fiflies,  fetring  its  bulk  afide. 

To  conclude  ;  if  fome  people  have  an  averfion 
for  cray-fifhes,  Van  Helmont  obfcrves,  that  'thofe 
animals,  in  their  turn,  have  fo  great  a  one  for  hogs, 
that  if  any  come  near  them,  they  prelently  die. 
Mence,  fays  he,  it  is  that  in  Brandenburgs  where 
llore  of  them  are  caught,  the  waggoners,  who 
carry  them,  are  obliged  to  keep  watch  all  night, 
to  prevent  any  hogs  from  pafling  under  their  wag¬ 
gons  j  for  that  if  only  one  palled,  there  would 

not  be  a  cray-filh  alive  next  morning. 

« 

XI.  Of  the  formation  and  growth  of  the  f jells 
of  land  and  ni'ater  animals ^  either  oj  the 
jea  or  of  rivers ^  by  M,  de  Reaumur  'f  5 
tranfated  by  Mr,  Chambers. 

The  wifdom  of  nature  would  not  have  done 
enough  for  the  prefervacion  of  animals,  if,  con¬ 
tenting  herfelf  to  have  framed  their  internal  parts 
with  wonderful  art,  flie  had  not  employed  the 
fame  addrefs  to  defend  them  againft  other  bodies 
around  them,  the  too  rude  touches  of  fuch  bodies 
Vv^ould  have  quickly  dellroyed  thofe  fo  llendef 
canals,  and  thofe  'fibres  lo  very  fubtle,  whereon 
their  whole  mechanifm  depends.  Hence  we  find 
thofe  delicate  parts  invefted  with  diverfe  coats,  or 
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covers,  not  eafy  to  be  altered  by  the  bodies  a- 
round,  being  not  only  in  an  under  skin,  clofer  and 
firmer  than  the  reft  ;  but  this  ufually  covered 
with  hairs,  feathers,  fcales^  or  fhells.  Under  thefc 
little  ramparts,  if  I  may  ufe  the  term,  the  ani¬ 
mal  machines  are  fheltered  from  all  the  attempts 
of  bodies,  which  are  continually  rubbing  and 
beating  upon  them  ;  and  the  care  of  nature  is 
even  gone  fo  far,  as  to  proportion  a  ftrength  of 
thefe  defences  to  the  wcaknefs  of  the  parts  within  ; 

I  mean,  that  thofe  animals,  which  either  by  their 
figure,  or  their  foftnefs  of  their  fubftance,  lay 
t*hem  moft  open  to  the  bodies  around,  have  the 
ftrongeft  coverings.  Thus  we  find  fhells  on  thofe 
whofe  fubftance  is  very  foft  and  moift,  and  figure 
almoft  flat  or  fpiral,  which  would  otherwife,  by 
this  double  difadvantage,  be  liable  to  lacerations 
from  the  ground,  fand,  or  ftones  they  creep  upon. 
The  number  of  different  kinds  of  animals,  both 
in  land  and  water,  preferved  by  means  of  fuch 
fliclls  is  immenfe  ;  as  is  alfo  the  art  and  ingenuity 
they  are  framed  withal.  Nature,  fee  ms  to  have 
taken  pleafure  in  varying  their  ftruclure,  colour, 
and  fhape ;  infomuch  that  the  admirers  of  the 
beauties  of  the  creation  have  moft  of  them  made  it 
their  bufinefs  to  collecl  all  they  could  meet  withal, 
every  new  fticll  furnifhing  fome  new  curioflcy  ; 
their  cabinets,  tho*  they  only  contain  afmall  pare 
of  thofe  which  deck  the  univerTe,  yet  have  enough 
to  excite  the  admiration  of  all,  who  know  how 
to  admire.  Hitherto  indeed  they  feem  to  have 
confined  themfelves  to  the  bare  contemplation  of 
this  beautiful  piece  of  wo  kmanfliip,  no  body 
that  I  know  of,  having  explained  the  manner 
wherein  it  is  produced  •,  fo  that  finding  nothing 
to  be  learned  on  this  head  among  authors,  I  con- 
fuked  nature  herfelf  by  feveral  experiments  ^  and 

E  e  2  Ts 
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’tis  on  the  refult  thereof  the  following  fyftem  is 
formed^ 

Tho’  at  firft  fight,  it  may  appear  moft  natural 
to  explain  the  formation  of  fhells  before  their 
growth  ;  yet  I  (hall  here  obferve  a  contrary  or¬ 
der,  and  begin  with  explaining  the  manner  in 
which  they  grow,  by  reafon  this  was  eafier  to  be 
difcovered  by  experiments,  and  that  it  aiiorded  an 
eafy  infight  into  their  formation  *,  which,  as 
one  may  fay,  is  only  the  firfl  degree  of  growth.  ' 

A  body  may  grow  in  two  different  manners, 
or  to  fpeak  more  precifely,  the  little  parts  of 
matter  which  unite  themfelves  to  thofe  a  body 
before  confided  of,  and  hereby  augment  its  bulk, 
may  be  joined  to  it  in  two  different  manners. 
The  former  when  they  have  firft  paffed  thro’  the 
body  itfelf,  and  are  prepared  therein,  and  hereby 
rendered  fit  to  poflefs  the  place  they  are  carried 
to,  ere  they  become  united  thereto,  v/hich  is 
commonly  called,  growing  by  vegetation,  and 
in  fchools,  by  intuflufeeption.  Thus  it  is  the 
fap  mounts  in  plants,  by  little  canals  in  the  plants 
themfelves  *,  which,  after  preparing  it,  fuitably 
conveys  it  to  diverfe  parts  of  the  plant,  where  it 
flops  and  adheres,  and  confequencly  inlarges  the 
body  of  fuch  plant  :  and  ’tis  thus  that  the  blood 
in  an  animal,  being  conveyed  by  the  arteries  to 
the  extremes  of  the  body,  adheres  to  the  flcffi  and 
augments  its  bulk. 

The  2d  fpecies  of  growth  is,  when  the  new 
parts  are  applied  to  the  body,  without  palling 
through,  or  undergoing  any  preparation  in  the 
body  itfelf,  which  is  called  growing  by  appefition, 
and  in  the  fchools,  by  juxeapofition.  Thus  it  is 
all  thofe  artificial  plants  grow  produced  by  the 
chymifts,  as  likev/ife  all  chryftallifations,  falts, 
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Now  the  growth  of  Ihells  muft  be  performed 
after  one  of  thefe  two  manners ;  they  who  make 
every  thing  vegetate,  even  to  ftones,  would  hardly 
have  fufpedled  that  fnells,  which  are  wrought 
with  fo  much  art,  fhould  be  produced  by  a  fimple 
juxtapofition,  and  the  analogy,  which  feems  to 
be  between  them  and  bones  (for  may  they  not 
be  confidered  as  external  bones)  feems  to  con¬ 
firm  the  opinion,  fince  bones  really  vegetate; 
but  there  is  no  great  flrength  in  bare  conjedtures, 
and  ’tis  experiments  alone,  made  on  the  things 
them  Pelves  in  queflion,  that  can  fupport  fuch 
reafonings  ’tis  they  alone  muft  ftiow  the  way 
nature  has  been  pleafed  to  take  to  arrive  at  her 
end  *,  and  by  them  we  fhall  hereafter  fhew,  that 
fhelis  are  formed  by  a  fimple  appofition.  My 
experiments  indeed  have  only  been  made  on 
fome  fpecies  of  fhelis,  both  of  the  fea,  river, 
and  land  kinds ;  but  this  I  apprehend  fufficient  to 
intitle  me  to  an  explanation  of  the  growth  and 
formation  of  fhelis  in  general,  for  the  fame  rea- 
fon,  as  the  explaining  how  one  plant  vegetates, 
cr  in  what  manner  nutrition  is  performed  in  one 
animal,  would  be  allowed  fufficient  for  all. 

Hence  I  fhall  content  myfelf  with  relating  the 
experim.ents,  I  have  made  on  diverfe  kinds  of  land 
fnails,  to  prevent  the  tedious  repetitions  I  muft 
fall  into,  were  I  to  give  the  like  experiments  up¬ 
on  water-fnails,  both  fea  and  river  kinds,  upon 
feveral  fpecies  of  two  leaved  fliells,  as  mufcles, 
paliourdes,  pedtongles,  fffr.  which  it  would  not 
be  eafy  for  many  people  to  repeat  after  me  ; 
whereas  every  body  may  make  them  on  land 
fnails.  All  I  think  neceffiiry  to  note  is,  that  I 
incloled  the  feveral  kinds  of  fea  and  river  fhell- 
hfhes  in  little  tubs,  which  I  funk  in  the  fea  or  ri¬ 
ver,  after  firft  piercing  them  full  of  little  holes, 
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big  enough  to  let  in  the  water,  but  not  to  let  out 
the  fifhes ;  by  which  means  I  was  enabled  to 
make  much  the  fame  experiments,  and  with  the 
fame  fuccefs  upon  their  fheJJs,  as  thofe  I  am  go¬ 
ing  to  relate  upon  the  fhells  of  land  fnails.  Thus 
much  laid  down,  I  pafs  on  to  explain  the  growth 
of  Ihells. 

When  the  animal,  which  before  exadlly  filled 
its  fhell,  grows, the  fiiell  can  no  longer  cover  it  all 
over,  but  nccefiarily  leaves  part  of  the  body  bare, 
which  bare  part  is  always  that  next  the  aperture 
of  the  fhell  *,  for  the  animal  can  only  grow  on 
that  fide.  All  animals,  which,  like  the  fnails, 
inhabit  twifted  or  fpiral  fhells,  are  only  capable 
of  augmenting  on  the  fide  of  their  head,  which 
'  is  that  of  the  orifice  of  the  flieil ;  whereas  the 
fifhes  of  two  leaved  fliells,as  mufclcs,  are  capable 
of  growing  in  their  whole  circumference.  Now 
in  all  the  fpecies  of  fhell- fifhes,  ’tis  this  fame 
part  of  the  body,  thus  uncovered  by  the 
growth  of  the  animal,  that  makes  the  fliell  grow, 
and  the  mechanifm  whereby  it  is  efteded,  is  as 
follows. 

’Tis  a  neceffary  effed  of  the  laws  of  motion, 
that  in  liquids  flowing  in  canals,  when  the 
the  little  part  of  fuch  liquids,  or  any  little  foreign 
bodies  mixed  with  them,  which  by  reafon  of 
their  figure,  or  their  likenefs,  moves  flower  than 
the  reft,  muft:  recede  from  the  centre  of  motion  *, 
that  is,  range  themfelves  near  the  Tides  of  thofe 
canals ;  and  it  frequently  happens,  that  fuch  par¬ 
ticles  do  likewife  adhere  to  the  inner  lurface  of 
fuch  canals,  when  they  happen  to  be  vifeid  c- 
nough  for  that  end.  Of  this  we  have  inftances  in 
the  common  water-pipes,  whofe  'par teles  upon 
opening  them,  are  frequently  found  covered  over 
with  a  little  crufl:  of  vilcid  lubftance  •,  and  fome 
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wherein  certain  waters  are  conveyed,  with  a  ftony 
cruft;  it  is  certain  withal,  that  the  liquids,  flow¬ 
ing  in  fuch  canals,  prels,  or  impel  their  parletes 
on  all  Tides,  or  which  amounts  to  the  fame,  preTs 
the  little  vifcid  or  ftony  particles  of  the  crufts 
above-mentioned  againft  the  Tides  ;  To  that  if 
thefe  canals  were  pierced  like  Tieves,with  a  multi¬ 
tude  of  little  holes  of  a  proper  figure,  to  give 
pafiage  only  to  fuch  little  vifcid  and  ftony  bo¬ 
dies,  they  would  break  out  of  the  canals,  and 
place  themfelves  on  the  external  Turfice  thereof, 
and  there  form  the  cruft,  as  is  Teen  on  the  inflde;* 
with  this  only  difference,  that  the  former  is  ca¬ 
pable  of  becoming  much  thicker  and  ftronger,  as 
being  lefs  expoTed  to  the  fri(51;ion  of  the  liquor, 
than  that  formed  in  the  infide  of  the  canal. 

Now  the  growth  of  fhells  is  the  work  of  a  me- 
chanifm  of  this  kind  ;  the  external  Turface  of  the 
new-formed  part  of  the  body  left  bare  by  the  old 
fhell,  is  full  of  a  multitude  of  canals,  wherein 
the  proper  fluids  are  circulating,  that  are  to  fuf- 
tain  the  animal ;  and  a  great  number  of  vifcid 
and  ftony  particles  are  intermixed  therewith, 
which  being  lefs  fluid  than  thofe  which  compofe 
the  liquids  they  are  among,  are  caft  neareft  the 
fides  of  the  veftels,  which  being  full  of  an  infinite 
number  of  pores  at  the  external  furface  of  the 
body  proper  to  give  them  pafiage,  they  eafily 
cfcape  out  of  their  containing  velfels,  as  being 
continually  driven  againft  the  fide  by  the  circula¬ 
ting  liquor,  and  place  themfelves  on  the  external 
furface  of  thefe  canals,  or  rather  over  all  the  fur- 
face  of  the  body  not  covered  by  the  fhell,  where 
they  arrive  with  the  more  eafe,  as  all  the  pores 
give  them  a  free  exit  ;  whereas  feveral  of  thefe 
pores  may  be  flopped  on  the  reft  of  the  body  by 
the  fhell  it  is  covered  with. 
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Thefe  particles  of  vifcid  and  (tony  matter  being 
arrived  at  the  external  furface  of  the  body,  eafily 
adhere  to  each  other,  as  well  as  to  the  extremity 
of  the  fhell  ;  and  when  the  mod  fubtle  and  fluid 
part  of  them  is  evaporated,  they  compofe  a  little 
folid  body,  which  is  the  firfl:  layer,  or  ftratum^ 
of  the  new  piece  of  lliell,  and  other  particles  of 
a  like  matter  to  that  of  the  firfl:  Jiratum^  whereof 
the  circulating  fluid  contains  enough,  iflTue  from 
the  fame  veflels,  by  the  fame  mechanifm  ;  here 
it  being  no  danger,  that  the  firfl  jiratum  fliould 
have  flopped  all  the  pores,  and  thus  form  a  fe- 
cond  Jiratum  of  fhell ;  and  after  the  like  manner 
arifes  a  third  and  a  fourth,  till  the  new  fhell  have 
arrived  at  a  certain  thicknefs,  which  is  ufually 
much  lefs,  than  that  of  the  old  one,  when  the 
further  growth  of  the  animal  gives  rife  to  another 
new  piece  of  fhell. 

’Tis  the  experiments  I  am  now  going  to  deli¬ 
ver,  that  are  to  fliew  whether  this  be  the  real 
manner  of  nature’s  proceeding,  or  whether  all  I 
have  advanced  be  only  matter  of  imagination. 

I  began  with  flippofing  that  the  animal  grows 
before  its  fhell,  of  which  it  is  eafy  to  be  fatisfied, 
by  obferving  a  garden  fnail  at  the  time  when  its 
fhell  is  about  to  grow,  or  enlarge  *,  for  here  it  is 
vifibly  too  fmall  to  cover  the  body.  On  this  oc- 
cafion,  they  fallen  themfelves  to  the  wall,  where 
they  remain  at  refl,  and  give  opportunity  for  ob¬ 
ferving  a  part  of  their  body  come  beyond  the 
fhell  all  around  ;  and  this  like  all  the  reft  of  their 
body,  is  full  of  a  prodigious  number  of  little  ca¬ 
nals,  as  appears  by  the  naked  eye  ;  but  much 
more  by  the  microfeope. 

The  pores  I  have  fuppofed  in  thefe  canal?, 
are  too  fmall  to  be  vifible  ;  but  their  exiftence 
may  be  evinced  from  their  effeds,  with  as  much 
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certainty  as  if  one  faw  them  ever  fo  plainly.  To 
do  this,  we  need  only  break  off  a  piece  of  the 
fhellofa  fnail,  without  wounding  its  body,  which 
may  always  be  eafily  done,  by  reafon  it  only 
flicks  to  it  in  one  place  ;  for  in  a  little  time  after 
we  Ihould  find  the  skin  of  the  animal  covered 
with  a  liquid  fubflance,  which  could  not  have 
come  from  the  veffels  it  was  contained  in,  unlefs 
there  had  been  pores  in  thofe  veffels  to  let  it  pafs ; 
and  if  for  further  fatisfadlion  this  liquor  be  wiped 
off  the  skin  with  a  linnen  cloth,  in  a  few  hours 
more,  you’ll  have  a  dew  liquor  of  the  like  kind 
fucceeding  it,  which  coming  at  once  over  the 
whole  bare  part,  can  only  have  paffed  through 
its  pores. 

’Tis  this  liquid,  or  rather  the  lefs  fluid  and 
moveable  particles  therein,  that  ferved  to  make 
the  fhell  grow  *,  of  this  there  will  be  no, room  to 
doubt,  when  it  is  confidered  how  it  repairs  the 
lofs  of  a  piece  of  its  fhell,  which  may  be  clearly 
feen  by  putting  a  fnail,  thus  flripped  of  a 
piece  of  fhell,  in  a  place  where  it  may  be  com- 
modioufly  obferved.  In  a  veffel,  for  inflance, 
where  it  does  not  remain  long,  ere  it  faflens  a- 
gainft  the  fides  of  the  veflel,  as  it  does  againfl  a 
garden  walk  when  its  fhell  grows  in  the  ufual 
courfe.  Upon  this  the  liquor  is  feen  to  thicken 
and  fix,  that  is,  its  more  volatile  parts  evrporate, 
and  leave  the  groffer  behind,  which  form  a  thin 
ki#Td  of  cruft  over  all  the  naked  part  of  the  ani¬ 
mal.  This  cruft  may  be  perceived  in  four  and 
twenty  hours  times,  in  which  (late  it  may  be 
compared  for  its  finenefs  to  a  fpider’s  web.  ’Tis 
this  cruft  that  forms  th'e  firft  Jtnatum  of  the  new 
fhell,  which  in  a  few  days  more  grows  thicker 
by  the  appofition  of  new  layers  under  the  flrft, 
Plate  III.  Fig.  6. 
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till  in  10  or  12  days  that  the  new  piece  of  fliell  is 
arrived  at  much  the  fame  thicknefs  as  the  reft. 

When  you  would  obferve  the  new  piece  of  ftiell 
arrive  at  this  thicknefs,  care  muft  be  taken  to  put 
up  a  proper  food  with  the  animal,  efpecially  if 
the  fratfture  were  made  near  the  aperture  ;  for 
otherwife  the  bulk  of  its  body  will  diminifti  con- 
fiderably :  fo  that  what  ftiell  is  left  them,  being 
large  enough  to  cover  them  over,  there  are  only 
the  firft  leaves  of  a  new  ftiell  formed  ;  and  it  may 
in  fome  cafes  belikewife  proper  to  pull  them  from 
the  Tides  of  the  veflels,  when  they  continue  there 
for  feveral  days  together,  in  order  to  induce  them 
to  ufe  the  food,  and  repair  the  cxpence  made  in 
producing  the  firft  leaves  of  a  new  piece  of  fhell. 

For  their  food  one  may  give  them  herbs,  or 
even  earth,  and  paper  frequently  fpriiikled  with 
water,  for  they  will  eat  indifferently  any  of  thofe 
things,  which  may  fupply  particles  of  matter 
firm  enough  to  form  a  ftiell  ;  and  the  earth,  for 
inftance,  muft  needs  abound  with  a  multitude  of 
little  lamin^^  whence  the  ftones  are  formed  that 
grow  in  its  bofom  ;  if  fuch  ftony  lamin,£  circu¬ 
late  with  the  liquors  in  the  veffcls  of  the.  fnail, 
they  muft  doubtlefs  be  very  fit  to  form  the  feve¬ 
ral  Jlrata  of  ftiells.  Now  it  may  be  fhewn,  by  a 
very  eafy  experiment,  that  fuch  little  ftony  par¬ 
ticles  do  circulate  with  the  liquors:  in  order  to 
this,  one  need  only  put  a  certain  quantity  of  the 
liquor  in  a  veffel,  and  expofe  it  fome  days  to  the 
open  air.  After  the  fuf-tleft  part  is  evaporatecT,  a 
folid  matter  will  be  found  at  the  bottom,  among 
which  a  multitude  of  little  white  friable  corpuf- 
cles,  like  grains  of  fand,  only  thinner,  will  be 
found.  ’Tis  known  likewife,  that  fnails  at  the 
beginning  of  winter  make  of  this  fame  liquor  a 
little  lid,  for  the  orifice  of  their  ftiell,  to  cover 
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themfelves  clofc  up.  This  lid  indeed  is  of  a  dif¬ 
ferent  texture,  from  that  of  the  fliell ;  but  it  is 
folid,  which  is  enough  to  fhew  that  there  is  plenty 
of  folid  particles  mixed  among  the  liquor  ;  all  the 
difference  of  texture  between  the  lid  and  the  fliell, 
probably  arifes  from  the  difference  of  the  pores 
thro’  which  it  paffed,  in  order  to  form  them. 

I'he  fingle  manner  of  forming  a  new  piece  of 
fliell,  in  the  room  of  another  broken  off,  might 
fuffice  to  prove,  that  thefe  bodies  do  not  vege¬ 
tate  j  for  if  they  grew  by  vegetation,  there  are 
only  two  ways  for  it,  neither  of  which  is  compa¬ 
tible  with  the  preceding  experiment :  for  either 
thefe  liquids,  which  the  animal  furnifhes  for  the 
growth  of  its  fhell,  and  which  on  this  bypothefis^ 
can  only  be  conveyed  to  it,  by  the  little  part  it 
is  faftened  by,  which  may  here  be  confidered  as 
the  root  of  the  fhell  ;  either,  1  fay,  thefe  liquids 
mufl:  here  meet  with  canals  to  carry  them  to  all 
parts  of  the  fhell,  or  canals  to  carry  them  only 
to  the  extremity,  which  is  to  be  enlarged.  Now 
in  both  thofe  fuppofitions,  it  would  come  to  pafs, 
that  when  a  piece  of  the  fliell  had  been  broke  off, 
the  liquid,  flowing  in  fuch  fhell,  mufl  extrava- 
fate  and  pour  forth  at  the  rupture  made  in  it.  In 
which  cafe,  it  would  be  on  the  circumference  of 
the  hole  made  in  the  fhell,  that  this  liquid  would 
be  found,  which,  in  reality,  we  only  find  on  the 
bod^ofthe  animal  ;  and  this  liquor,  after  fixing, 
woukl  make  a  kind  of  callus^  which  gradually 
enlarging,  would  at  length  clofe  the  hole.  ’Tis 
thus  the  callu:>’s  have  broken  *,  bones  are  formed 
by  the  extravafafon  of  the  juice,  which  before 
ferved  to  feed,  and  make  them  grow  ;  and  ’tis 
thus  that  after  cutting  a  piece  of  flefh  from  any^ 
part  of  the  body,  the  adjacent  flefli  extends,  and 
at  iensth  covers  the  part  before  left  bare.  Laflly, 
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the  fame  thing  is  found  to  befal  trees  *,  for  upon 
cutting  off  a  part,  the  juice  oozing  from  it,  forms 
a  callus^  which,  by  degrees,  covers  over  the 
whole  wound ;  but  the  quite  contrary  paffes  in 
the  production  of  the  new  piece  of  fhell,  nothing 
comes  out  of  the  fhell,  and  the  whole  compafs  of 
the  hole  clofes  at  the  fame  time,  by  the  liquor 
oozing  from  the  fubjacent  body,  and  to  prevent 
any  fufpicion,  that  this  liquor  iflues  from  the 
Ihcll  in  fome  infenfible  manner,  and  falling  by 
its  own  weight,  by  the  body  of  the  animal,  ga¬ 
thers  in  fufHcicnt  quantity,  to  compofe  at  length 
a  new  piece  of  fhell,  always  placed  direClly  under 
'  the  old  one,  I  fliall  fubjoin  two  experiments, 
which,  at  the  fame  time,  will  remove  this  fcru- 
ple,  and  demonftrate  what  has  been  already  ad¬ 
vanced. 

*  I  have  broke  feveral  fnail-fhells  in  two  dif¬ 
ferent  manners,  the  firft  by  m  iking  a  large  hole 
between  the  two  extremities  of  the  fhell  ;  thit  is 
between  the  fhell  and  its  orifice,  and  thro’  the 
hole  thrufting  a  piece  of  thin  flcin  between  the  ani¬ 
mal  and  its  ihell  and  faftening  this  flcin  to  the 
inner  furface  of  the  latter,  fo  as  to  clofe  very  ac¬ 
curately  the  hole  made  therein  :  here  it  is  evident, 
that  if  the  fhell  were  not  formed  of  a  liquid  fpring- 
ing  immediately  from  the  body  of  the  animal, 
but  of  another  ozing  from  the  fhell,  a  piece  of  new 
fhell  muff  have  form’d  itfelf  on  the  external  fur- 
face  of  the  fl<:in  ;  and  no  fhell  could  poflibly  be 
formed  between  the  body  of  the  fnail  and  this 
fkin :  the  contrary,  however,  came  to  pafs  ;  the 
fide  of  the  fkin  which  immediately  touched  the 
body,  becoming  lined  with  fhell,  while  nothing 
appeared  on  the  other  fide. 

*  Fig.  7- 
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The  fecond  experiment  is  no  lefs  decifive  than 
the  former  for  breaking  feveral  fnail  fhells,  fo 
as  to  leflen  the  number  ot  their  circumvolutions : 
reducing  for  inftance  a  large  garden-fliell  which 
ufually  confifts  of  4,  or  4  I,  to  3  or  4 ;  and 
thus  rendering  them  too  fmall  to  cover  the  animal, 

I  put  them  much  in  the  fame  condition  as  they 
were  in,  when  the  growth  of  the  body  left  part  of 
it  bare ;  this  done,  I  took,  as  in  the  former  expe¬ 
riment,  a  piece  of  the  thin  fkin,  as  large  as  the 
aperture  of  the  fnell  *,  and  thrufting  part  of  it  be¬ 
tween  the  body  of  the  fnail  and  the  fhell,  and 
fattening  it  to  the  inner  furface  of  the  latter,  I 
turned  the  rett  of  the  fkin  over  the  external  fur- 
face  of  the  fhell,  and  fattened  it  in  like  manner 
thereto,  fo  that  the  whole  circumference  of  the 
aperture  of  the  fhell  was  covered  with  the  flcin. 
Now  if  the  fhell  grew  by  a  principal  vegetation, 
one  of  thefe  two  things  mutt  happen,  either  that 
the  piece  of  flcin  thus  clinging  about  it,  would 
have  hindered  its  growth ;  or  the  fhell  growing 
and  extending,  would  have  carried  the  Ikin  with  it. 
But  the  contrary  happened,  for  the  fliell  grew, 
and  the  skin  remained  as  I  left  it ;  the  growth  of 
the  fliell  being  fo  conducted,  that  the  thicknefs  of 
the  skin  remained  between  the  new  piece  of  fhell 
and  the  old  ;  which  latter  therefore  could  contri¬ 
bute  nothing  to  the  formation  of  the  former. 

Nor  is  there  any  difficulty  in  conceiving  how 
the  little  parts  of  folid  matter,  mixed  among  the 
fluid,  fhould  fatten  themfelves  to  each  other,  in 
order  to  form  a  firtt  ftratim  of  the  new  fhell  *,  nor  ^ 
how  a  fecond  ftratum  fhould  unite  itfelf  to  this 
firtt  *,  a  third  to  the  fecond  ;  and  fo  of  the  rett. 
At  leatt  this  difficulty  is  no  other  than  what  we 
meet  withal,  in  explaining  the  nexus  of  the  parts 
t  Fig’ 
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of  all  folid  bodies ;  in  effe6l,  whatever  fyftem  we 
adopt,  ’tis  obvious,  that  fuch  folid  particles  float¬ 
ing  in  a  very  vifeid  liquor,  are  greatly  difpofed 
to  unite  together,  and  form  feveral  Jlrata,  as 
above-mentioned,  I  proceed  now  to  give  an 
experiment,  which  may  let  fome  light  into  the 
manner  wherein  this  is  effe(fl:ed. 

I  pounded  fome  fnail  fliells  in  a  mortar,  and 
after  reducing  them  into  a  very  fine  powder,  paffed 
it  thro’  a  very  clofe  fieve,  in  order  to  feparate  the 
coarfer  parts.  This  powder  being  put  in  a  vcflfel, 
and  vinegar  caft  thereon,  a  fermentation  arofe, 
and  a  kind  of  pafte  was  formed,  which  being  left 
to  dry  in  the  air,  attained  a  conflderable  hardnefs, 
efpecially  the  firfl;  layer,  or  that  next  the  air  ;  on 
the  contrary,  when  I  moiftened  the  fame  pow- 
<ler  with  water,  a  pafte  indeed  arofe  ^  but  upon  its 
drying,  the  little  particles  of  the  powder  crum¬ 
bled  again,  and  ceafed  any  longer  to  adhere, 
idence  it  appears,  that  the  acids  analogous  to  thofc 
of  vinegar,  are  proper  to  bind  the  particles 
whereof  the  fhell  confifls  together;  they  who 
make  ufe  at  every  turn  of  the  acids  in  the  air, 
may  here  find  room  for  them,  by  luppofing  that 
they  contribute  to  the  coagaulating  of  the  li¬ 
quid,  which  fixes  itfelf  on  the  body  of  the  fnail. 
But  to  make  this  conje6lure  carry  a  face  of  pro¬ 
bability,  it  feems  neceflfary,  that  there  fhould  be 
fome  acids  found  mixed  with  fea-water,  to  help 
ro.igulate  the  liquids  whereof  fea-fliells  are  formed  ; 
whereas  if  this  were  true,  the  powder  of  a  fea- 
fhell,  mixed  up  with  fea-water,  and  then  dried,  ■ 
mufl:  come  to  a  better  confiflance,  than  what  wc 
obferved  the  fnail-fhell  did,  when  mixed  with  ri¬ 
ver-water,  which  in  fa6l  it  does  not. 

Nor  need  we  apprehend,  that  the  firfl;  leaf  of  a 
ihcll  fhould  flop  all  the  paffages,  by  which  the 
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liquor  is  to  iflue  to  form  a  fecond  leaf,  or  jlratum  ; 
and  fo  of  others,  till  it  have  arrived  at  a  thick- 
nefs.  ’Tis  hardly  poflible,  that  the  new  leaf 
fhould  clofe  fo  exactly  about  the  body  of  the 
fnail,  as  intirely  to  flop  all  the  little  pores  thereof^  . 
but  the  difficulty  vanifhes  at  once,  upon  confi- 
dering  that  this  firfl  leaf  could  not  be  formed 
without  a  diminution  in  the  bulk  of  the  fnail’’s 
body,  bodi  on  account  of  the  folid  particles, 
whereby  the  fhell  is  formed,  and  of  a  much  larger 
quantity  of  fluid  matters  mixed  among  them, 
which  had  fince  evaporated.  Hence  it  follows, 
that  there  mufl  be  room  enough  left  between  this 
new  leaf  and  the  body  of  the  animal,  for  new 
liquor  to  place  itfelf  between  them,  and  thus  form 
a  fecond  jlratum  by  the  fame  mechanifm  as  the 
firft,  and  fo  a  third,  and  as  many  more  as  is  ne- 
ceffary  to  give  the  fhell  its  due  thicknefs. 

The  feveral  flrata^  which  compofe  the  thick¬ 
nefs  of  fhells,  become  very  fenfible  upon  throwing 
a  fhell  in  the  fire,  and  taking  k  out  again,  after 
it  is  a  little  burnt  \  for  here  its  thicknefs  fubdivides 
into,  a  great  number  of  different  leaves,  which  are 
at  a  little  diflance  from  each  other,  the  fire  having 
found  an  eafier  paffage  between  thefe  leaves  than 
betweeen  the  leffer  lamina;  each  of  thefe  confifts 
of ;  and  the  like  ufually  happens  in  other  bodies 
formed  of  ftrata,  Witnefs  all  thofe  kinds  of 
paftries,  formed  of  what  we  commonly  call  puff- 
pafte,  the  whole  flrudure  whereof  is  to  be  formed 
of  alternate  layers  of  pafte  and  butter  laid  one 
over  the  other  *,  which,  upon  baking,  divide  in¬ 
to  feveral ‘leaves  or  flilvers,  by  reafon  paffages  are 
eafieft  opened  by  the  fire,  or  are  even  found  al¬ 
ready  open  between  the  feveral  layers,  which  can 
never  be  cxadlly  applied  one  over  the  other  thro’ 
their  whole  extent. 
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The  feveral  leaves  may  be  eafily  faftened  to 
each  other,  without  their  faftening  likewife  to  the 
body  of  the  animal  they  are  to  cover,  which  the 
moifture  of  its  skin  muft  neceflarily  prevent  *,  and 
if  any  (light  adhefion  fliould  happen,  the  various 
motions  of  the  animal  within  its  fhell,  would  be 
enough  to  break  them  again. 

’Tis  a  neceflary  confequence  of  this  fyftem  of 
the  growth  of  (hells,  that  their  inlargement 
fhould  only  proceed  by  increafing  the  number  of 
their  fpiral  wreaths  or  circumvolutions  ;  and  that 
the  length  of  each  circumvolution  (hould  always 
remain  the  fame,  which  accordingly  is  a  matter 
of  fadf,  one  may  eafily  be  convinced  of,  by  only 
reducing  the  fhell  of  a  fnail,  arrived  at  its  utmoft 
growth,  to  the  fame  number  of  circumvolutions- 
as  that  of  a  young  fnail  of  the  fame  fpecies,  the 
two  fhells  will  be  found  of  the  fame  fize.  I 
have  frequently  compared  the  (hells  of  fnails 
newly  hatched,  or  which  I  had  even  taken  out  of 
their  eggs  before  hatching  with  other  fhells  of 
the  largeft  fnails  of  the  fame  fpecies,  from  which 
I  had  retrenched  all  but  the  like  number  of  fpiral 
circumvolutions,  as  were  in  the  little  ones,  in 
which  cafe  they  appeared  both  equal.  It  may  be 
added,  that  the  number  of  thefe  circumvolutions 
makes  a  confiderable  addition  to  the  fize  of  a 
fnail’s  (hell  a  fingle  circumvolution,  more  or  lefs 
occafioning  a  very  fenfible  difference,  for  the 
diameter  of  each  circumvolution  is  near  double 
that  of  the  preceding  one,  and  but  half  of  the  fol¬ 
lowing  one  ;  whence  it  follows,  that  a  half  or  even 
a;^of  a  circumvolution  more  muft  make  a  con- 
fiderable  enlargement;  and  yet  it  frequently  proves 
difficult  enough  to  difeover,  whether  a  (hell  con¬ 
tain  I  or  a  of  a  circumvolution  more  or  lefs 
*  Fig  9. 
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than  another.  The  only  fure  way  to  compare 
the  number  of  circumvolutions  between  two 
(hells  of  the  /ame  fpecies,  is  to  compare  large 
ones  with  very  fmall  ones,  in  which  cafe  the  dif¬ 
ference  eafily  appears. 

What  has  been  hitherto  fud  of  the  growth  of 
(hells,  will  exempt  us  from  the  necefiity  of  enter¬ 
ing  into  the  derail  of  their  firft  formation  ;  for  ’cis 
eafy  to  conceive,  that  when  the  body  of  a  little  em¬ 
bryo,  which  is  one  day  to  fill  a  large  fhell,  is  ar¬ 
rived  at  a  certain  ftafe,  wherein  the  feveral  skins 
that  inclofe  it  are  of  confiflence  enough  to  let  pafs 
thro*  their  pores  the  only  liquor  fit  to  form  a 
(hell,  this  liquor  muft  place  itfelf  on  fuch  skins, 
and  thicken  and  fix  there  ;  and  in  one  word,  be¬ 
gin  the  formation  of  a  fhell  in  the  fame  manner 
as  it  afterwards  continues  its  growth.  Snails  do 
not  leave  their  eggs,  till  they  have  firfl  covered 
themfelves  with  fuch  a  fhell,  which  now  confifts 
of  one  circumvolution,  and  fomewhat  more. 

It  remains  to  folve  two  difficulties,  which  feem 
pretty  confiderable  :  the  firft  naturally  arifes  from 
the  experiments  above  related,  and  Hands  thus, 
the  new  piece  of  fhell,  formed  in  lieu  of  the  old 
one  which  had  been  pulled  off,  is  of  a  whitifli 
colour,  and  confequently  very  different 'from  the 
reft  of  the  fhell,  whence  it  fhould  feem  to  be  of  a 
different  texture,  and  may ,  hence  be  inferred  to 
have  been  formed  after  a  di&erent  manner  *,  fo 
that  the  foregoing  experiments  v;ill  determine  no¬ 
thing  as  to  the  ordinary  way  of  growth. 

To  obviate  this  difficulty,  it  will  be  neceffary 
to  account  for  the  regular  variety  of  the  colours 
in  certain  fhells,  or  the  fame  experiments,  which 
.(hew  the  caufeof  fuch  regularity,  will  eftedlually 
remove  this  objedlion. 

VoL.  III.  N^.  30.  Gg 
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I'his  regular  variety  of  colours  is  peculiarly 
oblervable  in  a  little  fpecies  of  garden  fnails*; 
the  ground  of  their  fhell  is  white,  citron  coloured, 
yellow,  or  fome  intermediate  colour  between  thefe, 
and  on  this  ground  appear  various  ftripes,  which 
twill  fpirally  like  the  flielJ,  and  in  fome  lliells  are 
black,  in  others  brown  and  reddilh,  in  others 
the  breadth  of  each  llripe  gradually  increafes  as- 
it  approaches  towards  the  aperture  of  the  Ihell  ; 
and  itfomctimes  happens,  that  two  of  them  fpread 
fo  much  as  to  meet,  and  form  only  one  broad 
Itripe  afterwards.  In  fome  (hells  there  are  5  or 
6  fuch  ftripes  j  others  have  but  3  or  4,  and  others 
only  2,  or  even  a  fingle  one.  A  fort  of  white 
and  brown  ftripes  may  alfo  be  feen  on  the  large 
garden-fnails  *,  but  they  are  rnuch  lefs  confpi^ 
cuous,  and  muft  be  viewed  with  fome  attention  s 
to  diftinguifla  one  from  another  in  each  kind  of 
fhells,  the  ftripes  are  not  all  of  the  fame  breadth 
in  the  fame  part  of  the  fhell.  There  fee  ms  but 
one  plaufible  way  of  accounting  for  the  variety 
of  thefe  colours  on  the  principles  we  have  here 
eftablillied  of  the  growth  of  fhells  by  juxtapofi- 
tion  ;  for  having  confidered  the  skin  of  the  ani¬ 
mal  as  a  kind  ot  fieve,  which  gives  paffage  to  the 
particles,  which  are  to  form  the  fhell,  ’tis  ob¬ 
vious,  that  if  we  conceive  the  skin  as  differently 
pierced  in  difterent  parts,  or  which  amounts  to 
the  fime,  that  it  is  compofed  of  different  fievcs, 
fome  whereof  pafs  particles  of  different  figures 
or  natures,  from  thofe  piaffed  by  others,  and  deny 
entrance  to  thefe,  it  will  follow,  that  fuch  parti¬ 
cles  of  different  nature  or  figure,  muft  form 
bodies,  which  will  refledl  the  like  differently, 
that  is  form  pieces  of  fhell  of  different  colours. 

*  Fig  9  JO. 
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’Tis  like  wife  a  necefiary  confequcnce  of  the 
manner  of  growing  of  a  fnaiJ’s  fhell,  that  the 
whole  furfaceof  this  fhcll  (I  do  not  fay  its  whole 
thicknefs)  fhoukl  be  formed  by  the  collar  of  a 
fnail,  as  being  the  part  next  the  head,  and  which 
therefore,  upon  the  lead  growth  of  the  animal, 
mud  be  left  urxovered,  ’tis  this  therefore  that  is 
to  enlarge  it  and  we  may  confider  this  as  the 
manufadturer  of  the  whole  furface  or  circumfe¬ 
rence  of  the  diell :  fo  that  it  will  fuflice,  if  this 
collar  be  compofed  of  different  fieves,  to  form  a 
fliell  of  different  colours.  For  indance,  if  it  had 
two  or  three  little  fieves  proper  to  tranfmit  black 
or  brown  particles,  and  the  fides  of  thofe  fieves 
be  parallel  to  each  other,  while  the  red  of  its  fur- 
fice  tranfmits  other  particles  proper  to  exhibit 
yellow  or  citron  colour  •,  for  the  diell  formed  of 
particles  paffed  thro’  thefe  feveral  fieves,  mud  evi¬ 
dently  have  a  yellow  or  citron  colour’d  ground, 
with  black  or  brown  dripes  thereon,  almod  pa¬ 
rallel  or  approaching  each  other  infenfibly,  and 
which  will  become  larger  in  proportion,  as  thefe 
fieves  are  enlarged. 

Tho’  we  were  to  difcern  nothing  like  thefe 
different  fieves  jud  mentioned  on  the  collar  of  the 
fnail,  they  afford  us  fo  probable  a  folution  of  the 
diverfity  of  colours  in  (hells,  that  one  would  be 
induced  to  admit  them,  but  fortunately  enough 
they  difcover  themfelves,  efpecially  in  the  little 
fpecies  of  fnails,  fo  remarkable  for  the  didinft- 
nefs  of  its  dripes  *.  Upon  the  dripping  one  of 
thefe  fnails  of  a  part  of  its  fhell,  all  the  red  of 
the  body  appears  of  one  uniform  white  colour, 
excepting  the  collar,  where  the  white  has  more  of 
a  yellowidi  cad  ;  and  befide  this  is  befet  with  a 
number  of  black  or  brown  dripes,  equal  to  that 
*  F'g.  10, 
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of  the  ftripes  of  the  fliell,  and  placed  in  the  fame 
diredion.  Thofe  fnails  which  have  only  one 
black  ftripe  on  their  fheil,  having  but  one  black  fpot 
on  their  collar,  and  thofe  which  have  4  ftripes  on 
their  (hell,  having  4  likewife  on  their  collar  :  thefe 
ftripes  are  placed  immediately  under  thofe  of  the 
fheil,  and  begin  at  about  a  line’s  diftance  from 
the  extremity  of  the  collar,  which  itfelf  is  ufually 
fpotted  with  black  all  around ;  but  the  length  of 
thefe  ftripes  in  the  collar  differs  in  diiTerent  fnails 
of  the  fame  fpecies ;  one  cannot  overlook  the 
fieves  I  have  above-mentioned,  in  obferving  thefe 
ftripes,  whofe  different  colour  abundantly  proves 
the  difference  of  their  textures. 

To  remove  all  doubt,  whether  thefe  fpots  do 
the  office  of  fieves  different  from  thofe  of  the  reft 
of  the  collar,  and  that  the  reft  of  the  collar, 
which  likewife  appears  of  a  different  colour  from 
the  reft  of  the  skin  of  the  body,  does  alfo  tranf- 
mit  particles  of  a  different  nature  or  figure,  the 
bufinefs  muft  be  to  learn,  whether  experiments 
agree  with  this  reafon  ;  and  all  neceftary  thereto, 
is  to  let  a  fnail  repair  the  fliell,  which  has  been 
torn  from  it ;  for  if  it  appear,  that  fo  much  of 
their  fliell  as  is  formed  over  thefe  black  ftripes 
is  black,  and  what  is  formed  between  them  is  of 
a  different  colour, both  from  thofe  ftripes, and  from 
the  reft  of  the  body, it  muft  be  allowed  incontefti- 
ble,  that  thefe  different  parts  do  the  different  of¬ 
fices  above  afligned  therq.  Now  experience  a- 
grees  perfedlly  with  the  reafon  already  laid  down, 
*  the  fliell  growing  on  the  collar  over  the  brown 
or  black  ftripes,  is  itfelf  brown  or  black  *,  that 
formed  between  them  is  white  or  yellow  ;and  that 
on  all  the  reft  of  the  body  white,  but  a  different 
white  from  that  of  the  collar  when  it  happens  to 
f  Fig.  ii, 
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be  white  alfo  :  the  fiime  is  obfervable  in  the  large 
garden-fnails,  where  all  the  Ihell  formed  over 
their  collar  is  brown,  or  of  a  colour  like  that 
of  the  old  Ihell,  and  the  ftiell  on  all  the  reft  of 
their  body  white. 

We  come  now  to  a  fecond  fcruple,  which 
may  arife  upon  repeating  the  experiments  here  re¬ 
lated.  The  new  fhell  formed  over  the  collar,  in 
the  room  of  the  old  piece  broken  off,  fomctimes 
proves  of  a  •different  colour  therefrom,  which 
leem  a  contradidlion  to  the  account  here  laid 
dov/n. 

But  there  will  be  no  great  difficulty  in  reconcil¬ 
ing  this  kind  of  irregularity  with  the  reafonings 
and  experiments  above,  when  ’tis  confidered  that 
the  new  ffiell  formed  over  the  collar  never  differs 
in  colour  from  the  old,  unlefs  its  external  furface 
be  exrreamly  rough,  and  as  it  were  furrowed  over, 
while  the  reft  of  the  ffiell  is  quite  fmooth. 

This  inequality  of  furface  of  the  new  ffiell  is  oc- 
cafioned  by  the  motions  the  fnail  puts  forth,  when 
it  would  re-enter  its  houfe  before  this  part  be 
thick  enough  to  fuftain  itfelf,  without  bearing  on 
it ;  for  ’tis  evident  upon  thus  ffirinking  it,  when 
there  is  only  one  or  a  few  leaves  formed  of  the 
new  piece  of  ffiell,  it  muft  bring  the  extremity  of 
fuch  pliant  leaves  towards  the  old  ffiell,  and  thus 
reducing  them  into  a  lefs  compafs,  makes  diverle 
folds  therein,  which  of  itfelf  were  almoft  fufficienc 
to  change  the  colour  of  the  new  ffiell ;  but  there 
is  fomething  more  in  it ;  for  the  firft  new  ftra- 
turn  formed  upon  breaking  off  a  large  piece  of 
old  ffiell  is  ufually  white,  by  reafon  the  particles 
of  the  liquid  difpofed  to  form  a  ffiell  of  this  co¬ 
lour,  are  tranfmitted  more  readily  thro’  the  pores 
than  thofe  which  form  a  ffiell  of  any  other  co¬ 
lour,  as  is  evident  enough,  the  reft  ot  the  body  of 
3  the 


270  History  ^zWMemoirs  ^ 

the  animal  being  palpably  covered  over  with 
'liquid  ere  any  be  perceived  on  the  collar ;  whence 
it  happens,  that  this  liquid  fpreading  upon  the 
'  collar,  forms  the  firft  leaf  of  the  fhell  white  ;  but 
this  leaf  being  extreamly  thin,  is  tranfparent  like- 
wife,  and  rarely  hinders  the  fhell,  which  the 
collar  itfelf  produces  afterwards,  from  appearing 
of  its  natural  colour.  Now,  if  the  fnail  happen 
to  fhrink  into  its  fhell  when  only  this  firft  white 
layer  is  formed,  it  is  clear,  that  it  muft  draw  the 
extremities  of  fuch  leaf  towards  each  other,  by 
reafon  it  adheres  to  it  in  forne  places;  and  will 
occafion  it  to  make  pleats  or  folds,  and  increafe 
its  thicknefs  by  diminifhing  its  breadth  and 
tranfparence,  which  muft  give  the  new  fhell  a 
•kind  of  middle  colour,  between  that  ufually 
formed  on  the  collar,  and  that  on  the  reft  of  the 
body  ;  but  the  internal  furface  of  the  new  piece  of 
fhell  being  always  fmooth,  muft  always  be  of  the 
colour  naturally  produced  by  the  pores  corref- 
ponding  to  it,  and  accordingly  we  find  its  colour 
diverfified  after  the  fame  manner  as  that  of  the  old 
fhell,  even  when  the  external  furface  is  of  a  difte- 
rent  colour  from  what  it  fhould  naturally  have. 

It  would  be  wrong  to  conclude  frotn  what  has 
been  here  fhewn  of  the  formation  of  the  ftripcs 
which  adorn  certain  fpecies  of  fhells  ;  that  the 
external  furface  of  all  fliells  fhould  either  be 
ftriped,  or  have  one  uniform  colour ;  and  that 
there  fhould  be  no  fhells,  whofe  external  furface 
exhibits  fpots  or  ftains  differently  placed,  irregu¬ 
larly  figured,  and  feparated  from  each  other  by 
unequal  diftances,  fuch  as  the  fliell,  fig.  12.  upon 
this  ground,  that  fuch  fpots  cannot  be  produced 
on  the  furface  of  the  fliell,  without  different  fieves 
on  the  collar  of  the  animals  to  tranfm it  a  diffe¬ 
rent  liquid  from  wdiac  palTes  thro’  the  other 

places. 
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places,  and  confequently  without  the  apparatus 
necelTary  to  produce  a  ftriped  fliell  ;  for  it  is  ob¬ 
vious,  that  the  fieves  muft  have  fubfifted  during; 
the  whole  formation  of  the  fhell,  in  order  to  ren¬ 
der  this  fhell  ftriped  in  its  whole  compafs  ;  but  if 
it  happens  on  the  contrary,  that  thefe  fieves  change 
fo  as  the  pores  which  before  tranfmitted  a  liquid 
matter  proper  to  form  a  brown  fhell,  become  ei¬ 
ther  too  wide,  or  too  narrow,  or  alter  their  figure 
in  any  other  manner  after  fiiterating  a  certain 
quantity  of  their  firft:  liquor,  and  the  like  altera¬ 
tion  befall  the  reft  which  tranfmitted  a  liquid  pro¬ 
per  to  form  a  white  fhell ;  the  confequence  muft 
be,  that  the  fhell  now  formed,  will  exhibit  feve- 
ral  black  and  white  fpots,  combined  with  the  fame 
irregularity  as  the  fieves  had  been  altered. 

This  will  not  appear  a  fuppofition  without  all 
foundation,  to  fuch  as  confider,  that  certain  alte¬ 
rations  befall  even  the  fieves  of  the  collar  of  fnails, 
which  produce  ftriped  fhells  ;  for  fom.e  of  thefe 
fiiells  may  be  found  wherein  the  ftripes  are  very 
ftrong  and  vivid  towards  their  aperture,  while 
there  is  no  appearance  of  any  ftripes  on  the  firft 
circumvolutions  of  the  fpiral ;  that  is,  on  thofe 
next  the  vertex  of  the  fliell ;  now  this  change  of 
colour  can  only  proceed  from  a  like  change  in 
the  fieves  of  the  collar  ;  ’tis  true,  we  are  to  con¬ 
ceive  much  more  confiderable  changes  on  the  col¬ 
lar  of  the  animals  which  inhabit  fuch  fhells  as  that 
of  fig.  1 1  ;  but  thefe  changes  are  equally  poffible 
with  the  other. 

The  fluidity  of  the  liquor  whereof  the  fhell  is 
formed,  may  alfo  have  fome  fhare  in  the  irregu¬ 
lar  diftribution  of  the  colours  on  fome  kinds  ; 
for  it  is  eafy  to  conceive,  that  if  the  liquid  which 
fome  animals  yield  for  the  formation  of  their 
fhell,  be  fluid  enough  to  run  eafily  from  one 
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place  to  another,  fhells  may  eafily  come  to  be  ir^ 
regularly  marked,  provided  there  be  fieves  on 
ibeir  collar,  which  tranfmit  different  liquids ;  fince 
in  that  cafe  it  mufl:  frequently  happen,  that  the 
liquid  will  not  remain  in  the  place  where  it  was 
firft  lodged ;  but  that  what  for  inftancc  was 
deftined  to  form  a  white  fhell,  Ihall  remove  itfelf 
to  a  place  where  a  liquid  iffues  that  is  to  form  a 
black  fhell  *,  as  on  the  other  hand,  that  which 
forms  the  black  fhell,  they  run  into  a  place  where 
another  liquor  iffues  to  make  a  white  fhell :  now, 
as  this  mufl  happen  very  irregularly,  according 
to  the  different  pofitions  the  animal  is  in,  where 
the  fliell  is  formed,  the  fpots  mufl  likewife  be 
difpofed  very  irregularly. 

Recourfe  however  mufl  be  had  to  the  firft  of 
the  two  caufes  above  affigned,  viz,  a  change  of 
the  texture  of  the  fieves  of  the  collar,  in  order  to 
account  for  the  regular  pofition  of  the  red  fpots, 
in  a  fquare  or  redtangular  figure,  which  adorn 
the  fhell  reprefented  in  fig.  13,  it  being  neceffary 
to  form  it  fuch,  that  the  fieves  in  this  fquare,  or 
redlangular  figure,  which  tranfmit  the  liquid 
proper  to  give  fuch  colour  to  the  fliell,  flop,  and 
open  again  at  a  certain  rate. 

Tho*  the  collar  of  the  fnail  trace  out  the  whole 
circumference  of  the  fhell,  and  tho’  this  fuffice  to 
diftribute  colours  regularly  thereon,  yet  it  does 
not  give  it  all  its  thicknefs,  which  receives  a  con- 
fiderablc  augmentation  from  the  particles  of  the  li¬ 
quid  iffuing  from  the  pores  of  the  reft  of  the  fkin  : 
this  is  eafily  fhewn,  for  upon  reducing  the  fhell  of 
■  a  large  fnail  to  the  fame  number  of  circumvolu¬ 
tions,  as  that  of  a  fmallone,tho’  they  appear  equal¬ 
ly  large,  yet  that  of  the  large  one  will  be  found 
the  thicker :  this  increafcd  thicknefs  of  the  fhell 
is  particularly  obfervable  in  fome  fpecics  of  fpiral 
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fea-fliells,  where  it  fometimes  rifes  to  fuch  a  pitch, 
that  the  firft  circumvolutions  of  the  fliell  grow 
up  ;  fo  that  the  animal  is  obliged  to  withdraw  its 
tail  into  the  circumvolutions  further  off,  as  ap¬ 
pears  very  fenfibly  in  fome  fhells  difc6ted  by 
M.  Merr^  *,  one  whereof  is  reprefented  by  fig.  13, 
where  the  fpaces  a  a  formerly  pofiTefiTed  by  the 
body  of  the  animal,  are  become  quite  folid. 

The  animal’s  tail  not  adhering  to  the  vertex  of 
the  fhell,  as  fome  have  imagined,  it  can  eafily 
difplace  it ;  efpecially  while  the  part  whereby 
the  animal  is  faftened  to  the  fhell,  is  chang¬ 
ing  (  for  this  part  changes  according  as  the 
body  of  the  animal,  makes  more,  or  few^r, 
fpires  : )  thus  a  little  fnail,  for  inftance,  fliall  be 
faftened  by  a  part  of  its  firft  circumvolution,  and 
when  its  grown  bigger,,  {hall  only  be  faftened  by 
the  fecond. 

The  laft  firata  formed  by  the  fkiri  which  does 
rot  cover  the  collar  of  the  fnail  ought,  to  be  white 
agreeably  to  all  that  has  been  hitherto  advanced, 
and  they  are  fo  accordingly,  as  may  eafily  be 
perceived  by  rubbing  off  the  firft  ftrata  of  the 
external  furface  of  thefe  fhells,  with  a  file;  thofe 
which  then  remain  appearing  white,  Or  the  fame 
may  be  proved  with  lefs  trouble  by  confidering, 
that  the  colours  of  the  empty  ftiells  found  in  gar¬ 
dens,  are  frequently  almoft  effaced,  and  fometimes 
appear  quite  white;  the  firft  ftrata  which  are ‘the 
only  coloured  ones,  having  been  carried  off  by 
too  much  attrition  againft  the  ground. 

The  growth  of  fhells  being  proportionate  to 
that  of  the  animals  inhabiting  them,  is  hardly 
fenfible  ;  yet  in  the  generality  of  fhells,  we  can 
eafily  diftinguifh  their  feveral  ftages,  or  degrees 
of  growth  :  thefe  are  expreffed  by  feveral  littk 
parallel  eminences,  which  one  would  be  apt  to 
VoL.  HI.  N".  30.  Hh  Take 
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take  for  the  fibres  of  the  fliell  j  they  are  fpread 
over  the  whole  furface  in  fuch  as  are  flat,  or  two 
leaved  *,  and  over  the  whole  breadth  in  thofe 
twifled  fpiralwife.  The  leaft  refle(5l:on  on  the 
manner  above  explained  of  the  formation  of  fliells, 
will  let  us  fee,  that  they  cannot  grow  without  pro¬ 
ducing  the  little  eminences  juft  mentioned-,  for 
each  new  piece  of  fhell  muft  be  faftcned  imme¬ 
diately  under  that  preceeding  it,  which,  of  confe- 
quence,  will  be  higher  than  this,  by  the  whole 
thicknefs  it  had  attained  when  the  growth  of  the 
animal  gave  rife  to  this  laft-,  under  which  likewife 
muft  be  placed  the  piece  produced  next  to  this ; 
by  fuch  means  the  fliell  muft  be  covered  with  a 
multitude  of  little  eminences  parallel  to  each 
other,  which  may  be  diftindlly  feen  on  the  fliells 
of  fnailsi",  where  they  are  very  near  together. 

Each  fhell  ^  has,ufually  lomeof  thefe  eminences 
much  more  diftindt  than  others,  and  further  aftin- 
dcr,  which  exprefs  the  difi^erent  times  when  the 
fhell  ceafed  growing,  and  bears  fome  analogy  to 
the  different  fhoots  obfervable  on  each  branch  of 
a  tree,  the  heat  of  fummer,  or  the  cold  of  win¬ 
ter,  putting  a  flop  to  the  growth  of  the '  animal 
which  inhabits  the  fhell,  as  is  eafily  obferved  in 
fnails,  its  fliell  is  ftopped  of  courfe  while  thofe 
feafons  laft;  I  mean  the  extent  or  compafs  of  it, 
not  its  thicknefs,  which  is  continually  increafing 
by  the  flux  of  fluid  particles  from  the  body  of  the 
animal  :  hence  when  it  begins  to  grow  again,  in 
a  more  favourable  feafon,  the  new  piece  of  fhell 
it  now  produces,  is  faftened  under  a  much  thicker 
fliell,  than  when  its  growth  proceeds  gradually ; 
and  confequcntly,  that  former  term  muft  be  cx- 
preffed  by  a  larger  eminence. 

t  Fig.  6.  ^  Fig.  7,  iS. 
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There  is  one  other  thing  which  renders  the  fe- 
vcral  places  where  the  fhell  began  growing,  after 
having  ceafed  for  fonae  time,  ienfible,  viz.  a 
change  of  colour  on  the  ftripes  above-mentioned  j 
the  black  or  brown  ftripes  are  in  thefe  places,  of 
a  much  brighter  colour,  and  fometimes  fcarce 
difierent  from  the  reft  of  the  fhell  ;  nor  will  the 
caufe  of  fuch  change  be  far  to  feek,  if  it  be  re¬ 
membered,  that  the  -f  fieves  of  the  collar  which 
tranfmit  the  liquid  proper  to  form  thefe  black  or 
brown  ftripes,  have  their  origin  at  the  extremity 
of  the  collar  ;  whence  it  is  obvious,  that  the  firft 
ftratum  of  fhell  drawn  by  the  extremity  of  this 
collar,  mu  ft  be  of  a  different  colour  from  that  of 
the  ftripes  ;  but  as  the  growth  of  the  animal  oc- 
cafions  the  ftripes  of  the  collar  to  be  found  under 
this  firft  fhell,  while  it  is  yet  very  thin,  but  con- 
fequently  tranfparent ;  it  does  not  hinder  the  fhell 
produced  under  it,  from  appearing  black  whsre 
it  is  fo ;  but  when  the  animal  has  ceafed  growing 
for  fome  time,  it  increafes  the  thicknefs  of  this 
flieil  produced  by  the  extremity  of  the  collar,  fo 
that  the  fhell  which  the  ftripes  of  the  collar  pro¬ 
duce  under  this  laft,  when  the  animal  begins  to 
grow  again,  being  placed  under  a  piece  of  fhell 
much  thicker,  and  lefs  tranfparent,  the  colour  of 
thefe  ftripes  is  the  lefs  difcernable  ;  and  thus  ap¬ 
pears  different  here,  from  what  it  is  in  the  reft  of 
the  ftripes. 

The  hgiire  of  certain  fhells  is  what  may  now 
feem  the  moft  difficult  to  reconcile  with  this 
theory  of  their  growth,  and  accordingly  make 
the  fecond  difficulty  which  I  propofe  to  folve  ^ 
the  chief  objedions  drawn  from  the  figures  of 
fhells  againft  their  growing  by  juxtapofition,  may 

reduced  to  4  ^  ift,  The  change  pf  the  curvity 
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in  certain  parts  of  fome  fhells ;  for  how  on  this 
fyftcm  fhould  the  curvity  of  fome  fhells  be  piD- 
duced,  which,  after  extending  for  fome  time  out¬ 
wards,  turns  again  upon  icfelf,  as  in  fig.  1 5, 
which  reprefents  the  tranfverfe  feftion  ofa  fhell  of 
this  kind,  where  re  may  be  feen  But  after  the 
fhell  has  twifted  from  A  through  CCC  to  EEE, 
it  turns  bp.ck  again  to  DDD,  a  meer  appofirion 
of  parts  ought  rather  to  continue  the  fame  curvity. 
2dly,  How  are  the  horns  produced  which  we 
find  on  certain  fhells  ?  By  horns,  I  mean  a  kind 
of  eminences  feen  on  fome  fpecies  of  fhells, 
which  by  their  figure  refcmble  the  horns  of  fome 
animals,”  fuch  are  the  eminences  in  fig.  14  and 
15,  reprefented  by  the  letters  CCC.  3dly,  How 
can  the  furrows,  or  flutings,  be  formed,  which 
inrich  the  external  furface  of  certain  fliells,  while 
their  internal  furface  is  perfedily  fmooth  ?  For 
why  fhould  fuch  fhells  be  thicker  through  their 
whole  length  in  fome  places,  than  in  others,  as 
are  thofe  of  fig.  17,  18,  19  ?  Lafily,  How  can  a 
cavity  be  formed,  wherewith  the  body  of  the  ani¬ 
mal  has  no  communication,  and  which  runs  all 
along  the  acclivity  of  the  fhell,  as  that  repre¬ 
fented  by  E,  fig.  7. 

The  fliells  of  land  fnails  will  yet  furnifh  an  an- 
fwer  to  the  firfl  of  thofe  difhcultiesf-.  The  lafl 
ftage  of  growth  of  thefe  fhells  is  a  kind  of  rim 
or  ledge,  about  a  line  broad,  which  turns  out¬ 
wards ;  whereas  all  the  reft  of  the  fhell  turns  in¬ 
wards  ;  this  ledge  formed,  the  growth  of  the  fhells 
is  at  an  end  ;  they  who  may  never  have  feen  a 
fnail’s  fhell  withoirt  fuch  a  ledge,  feem  to  have 
fome  reafon  to  conclude,  that  thefe  fhells  can  ne¬ 
ver  be  produced  by  a  fimple  juxtapofition  ;  for 
in  that  cafe  they  fliould  twift  a  contrary  way  from 
+  fig.  6. 
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whiit  they  do  ;  but  if  it  be  confidered,  that  fnails 
of  ail  ages  and  degrees  of  growth  below  the  high- 
eft,  have  no  fuch  ledge,  the  difficulty  difappears, 
for  the  lame  thing  doubtiefs  happen  to  fuch 
fnells,  as  that  of  fig.  15,  This  ledge  is  of  the 
lame  colour  with  the  ftripes  in  the  little  ftriped 
fnails,  reprefented  in  fg.  ii,  and  accordingly  thp 
extremity  of  the  collar  is  of  the  fame  colour  as 
the  skin,  which  forms  the  ftripes,  as  may  be  feen 
]nfg.  10. 

^  The  curvity  of  the  ftiell  is  unchangeable,  unlels 
that  of  the  body  of  the  animal,  which  is  its  mould, 
happen  to  change,  ’cis  eafy  to  imagine  probable 
caufes  of  fuch  a  change  in  the  growth  of  the  fnaiL 
For  inftance,  ’tis  not  unlikely,  that  the  internal 
fibres  of  the  collar  may  grow  fafter  than  the  ex¬ 
ternal  ones  ;  the  confequence  whereof  muft  be 
the  latter’s  pulling  the  collar  of  the  fnail  towards? 
them,  and  obliging  it  to  bend  outwards. 

As  the  different  length  of  the  fibres  of  the  col¬ 
lar  gives  us  an  eafy  conception,  how  it  may  come 
to  be  bent  outwards  ;  fo,  by  attending  to  this 
different  length  of  the  fame  fibres,  wc  may  con¬ 
ceive  how  the  bodies  of  feveral  animals  come  to 
be  twifted  fpirally ;  for  fuppofing  that  from  the 
produdlion  of  fuch  animals,  the  fibres  of  a  cer¬ 
tain  part  of  their  furface  are  longer  than  thofe  of 
the  oppofite  furface,  ’tis  evident  the  body  will 
crook  itfelf  fo  as,  the  furface,  whofe  fibres  are 
fhorteft,  will  form  the  concave  of  the  curvity  ; 
and  the  other  furface,  whofe  fibres  are  longeft,  the 
convex  which  is  enough  to  make  the  body  of  the 
animal  deferibe  a  fpiral,  fince  it  cannot  grow  with¬ 
out  always  bending  thus  on  itfelf,  provided  its 
long  and  fhort  fibres  grow  in  the  fame  proportion. 
’Tis  true,  in  the  cafe  above-mentioned,  it  would 
only  deferibe  fpirais,  whofe  feveral  circumvolu- 
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tions'would  be  almoft  in  the  fame  plane  ;  whereas 
few  animals  have  the  fliell  or  the  body,  which 
ferves  it  as  a  mould,  twilled  in  this  manner,  but 
have  the  feveral  fpires,  both  of  their  body  and 
fhell,  in  different  planes;  but  with  one  luppor 
fition  more,  we  fhall  eafily  conceive  how  thole 
lafl:  fpirals  are  formed  ;  for  fuppofing,  befide  the 
two  furfaces,  whofe  fibres  have  been  laid  down  as 
longer  one  of  them  than  the  other,  that  there  are 
two  other  diredlly  oppofite  furfaces,  each  of  them 
comprehended  between  the  preceding  ones,  but 
fmaller  than  them  ;  and  that  thefe  two  laft  fur¬ 
faces  are  alfo  formed  in  fuch  manner,  that  the 
fibres  of  the  one  are  longer  than  the  correfpond- 
ing  fibres  of  the  other.  This  muft  needs  oblige  " 

the  bodv  of  the  animal  to  incline  itfelf  on  one 
¥ 

fide,  and  hereby  form  fpires  fituate  in  different 
planes. 

If  land  fnails  happened  to  produce  a  ledge 
like  that  found  at  their  laft  term  of  growth,  after 
the  formation  of  each  quarter  of  a  circumvolution, 
and  that  their  external  fibres  relaxing  hereupon, 
they  produced  another  quarter  of  a  circumvolu¬ 
tion,  bent  the  fame  way  as  the  former;  after 
which  they  produced  a  new  ledge,  and  fo  in  a 
fucceffion  their  fhell  would  be  divided  from  fpace 
to  (pace,  by  a  number  of  fuch  ledges,  which 
would  be  a  pretty  ornament  to  it.  ’Tis  -j-  by  a 
like  artifice,  that  the  fhells  of  the  feveral  fpecies 
of  fea  fnails,  which  appear  fo  wonderfully 
wrought,  are  formed,  the  working  being  only  fo 
many  little  ledges  of  ftiell  difpofed  at  certain  dif- 
tances,  which  yet  beautified  in  fuch  manner,  as 
if  nature  had  been  at  the  pains  to  carve  it. 


I  Fig.  16, '17; 
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c . 

The  *  horns  found  on  fome  fpecies  of  fhells, 
are  alfo  produced  by  the  fame  mechanifm  as 
the  reft  of  the  fhell,  certain  fleftiy  tubercles 
growing  on  the  body  of  the  fifties,  which  in¬ 
habit  them,  ferve  them  as  moulds ;  and  ac¬ 
cording  as  more  or  fewer  of  thefe  tubercles  are 
formed,  while  the  animal  grows  one  circumvolu¬ 
tion,  there  are  more  or  fewer  of  fuch  horns  in 
the  fame  circumvolution.  They  are  hollow  when 
thefe  tubercles  have  remained  on  the  body  of  the 
animal  all  its  life-time ;  partly  hollow,  and  partly 
folid,  when  the  fame  tubercles  had  been  partly 
diffipated,  and  quite  folid,  when  the  tulircles 
had  been  quite  vanifhed  during  the  animal’s  life." 

To  the  fame  formation,  and  that  of  the  ledges, 
we  are  to  afcribe  much  fmaller  eminences,  which 
from  their  figure,  may  be  called  prickles,  ufu- 
ally  found  at  the  end  of  the  terms  of  the  fenfi- 
ble  growth  of  thefe  fhells,  as  may  be  obferved  in 

fg- 18. 

The  (lutings  found  on  the  external  furface  of 
fhells,  while  their  internal  furfaces  are  peffeftly 
fmooth,  will  not  be  lefs  eafy  to  explain.  It  will 
fuffice  to  obferve,  that  the  whole  extremity  of  the 
furfacc  of  the  animal’s  body  is  likewife  fluted 
and  hence  we  may  find  the  fhell  likewife  fluted 
in  its  internal  furface  to  fome  diftance  from  its 
extremity  +;  but  in  regard  the  reft  of  the  fur¬ 
face  of  the  animal’s  body  is  fmooth  and  fofc,  the 
animal  growing,  and  the  part  of  its  body  not 
fluted,  coming  to  correfpond  to  that  of  the  fhell, 
which  is  what  this  part  furniflies  *,  for  the  fliell 
ferves  to  fill  or  flop  the  internal  (lutings,  whence 
the  fhell  is  only  found  fluted  on  its  external  fur¬ 
face,  excepting  only  the  firft  lines  of  the  breadth 
of  its  internal  one. 

7  Fig.  14,  15.  t  Fig.  17,  18,  19. 

There 
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There  *  is  a  flat  Tea  fliell,  much  like  the  Kind 
called  St.  James^  whofe  formation  would  have 
appeared  very  difflcult ;  but  for  what  we  have 
fhewn  of  the  formation  of  the  flutings  in  other 
Ihells,  this  fhell  is  likewife  fluted,  but  the  two 
fides  of  each  flute  are  little  canals  inclofed  on  all 
fldes  with  fhells,  and  perforated  from  the  vortex 
of  the  fliell  to  its  extremity.  Tis  eafy  to  fhew 
how  thefe  little  canals  may  be  fornred,  all  re¬ 
quired  being  to  conceive,  that  the  firft  extremity 
of  the  body  of  the  fifh  is  deeply  fluted,  and  the 
reft  of  its  body  quite  fmooth,  and  its  fubftance 
too  hard  to  enter  the  channel  or  fluting,  formed 
by  the  extremity  ;  fo  that  the  reft  of  the  body 
only  produces  a  few  leaves  or  fhells,  which  are  ap¬ 
plied  over  this  fluxing,  without  clofing  it  iniirely, 
but  leaving  a  little  canal  fuch  as  above  related. 

Before  we  come  to  explain  the  formation  of  the 
cavity  running  along  the  flight  of  certain  fpecies 
of  fhells,  between  which  and  the  body  there  is 
no  communication,  it  may  be  neceflfary  to  define 
what  we  mean  by  flight.  To  form  a  precife  idea 
thereof,  it  muft  be  obferved,  that  when  the  col¬ 
lar  of  the  animal  draws  the  feveral  fpiral  circum¬ 
volutions  of  the  fhell,  that  part  of  the  external 
furface  neareft  the  axis  it  winds  about,  forms 
fpires,  whofe  diameter  or  width  is  lefs  than  that 
of  the  fpires  deferibed  by  the  other  points  of  the 
collar.  Now  that  part  of  the  fea-fhell  formed  by 
thefe  fmaller  fpires,  is  called  its  flight;  a  tolerable 
notion  whereof  may  be  conceived  from  the  flight 
of  a  ftair-cafe. 

To  unfold  the  myftery  of  the  formation  of  this 
cavity  along  the  flight,  it  muft  be  firft  obferved, 
that  the  upper  furface  of  the  collar  is  convex,  and 
the  lower  concave  ;  as  is  evident  hence,  that  the 

.*  *9- 
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firft  is  placed  under  the  concavity  of  the  fhelli 
and  the  fecond  over  its  convexity  :  *  now  the  up¬ 
per  furface  of  the  collar  being  always  left  bare^ 
by  the  growth  of  the  animal,  ’tis  this  that. forms 
the  new  fhell,  and  that  part  of  the  upper  furface 
of  the  collar,  which  traces  the  fmalleft  fpires,  is 
Jikewife  that  which  produces  the  flight  of  the 
fhell;  imagine  now  the  collar  of  the  animal  to 
fpread  and  extend,  in  orde^  to  produce  a  new 
piece  of  fliell,  and  confequently  a  new  piece  of 
the  flight,  as  the  animal  is  twifled  within  its  whole 
fhell,  we  are  to  conceive  at  the  fame  time  that 
a  certain  part  of  its  body  extends  and  winds  a- 
bout  a  part  of  the  flight  it  had  not  before  reached 
to  ;  this  part  thus  applied  to  a  new  place  of  the 
flight  is  that  where  the  lower  furfaCe  of  the  col¬ 
lar  makes  an  angle  with  the  upper.  Now  if  we 
conceive  this  part  of  the  animal  to  be  neither 
crooked  nor  flexible  enough,  to  mould  itfelf  per¬ 
fectly  upon  the  part  of  the  flight,  it  is  new  ap¬ 
plied  on,  ’tis  evident  a  little  void  fpace  will  be 
left  between  the  flight,  a  part  of  the  body  of  the 
animal,  and  a  little  piece  of  the  old  fliell  found 
between  this  part  of  the  body  and  the  flight.  The 
part  of  the  body  which  contributes  to  inclofe  - 
this  cavity,  not  being  covered  with  fhell,  will 
yield  a  liquor  proper  to  form  one  ;  and  by  the 
production  of  this  new  piece  of  fhell,  the  little 
hole  will  be  furrounded  on  all  fldes  ;  and  ’tis  ap¬ 
parent  this  fame  hole  muft  run  all  along  the  flight 
by  reafon  the  fhell  cannot  grow,  but  it  rnuft  be 
formed  at  the  fame  time. 

If  the  little  part,  which  helps  to  inclofe  the 
hole,  emits  ftore  of  liquor,  the  hole  by  this  means 
will  become  quite  folid,  being  flopped  up  by  the 
new  fhell ;  this  accordingly  befalls  feveral  new 
*  Fig.  7. 

VoL  111.  N^. 3 1. 
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lliells,  vvhofe  flights  are  much  thicker  than  it 
fee  ms  they  fliould  be. 

If  the  curvity  of  the  flight  diminilh  enough  to 
give  the  body  of  the  animal  room  to  mould  it 
felf  thereon,  after  the  fhell  has  made  a  certain 
number  of  fpires,  ’tis  evident  no  more  hole  muft 
be  formed,  and  that  what  is  already  formed  mufl: 
be  flopped  towards  its  upper  furface.  This  ac¬ 
cordingly  adlually  befalls  fnails,  which  have  at¬ 
tained  their  laft  degree  of  growth,  or  to  whofe 
fliell  the  ledge  is  formed,  as  may  be  feen  in  Jig, 
1 1.  The  little  fhell  there  reprefented  has  a  little 
ledge  B  B  B,  and  the  hole  which  fhould  appear 
in  E,  were  it  not  arrived  at  its  period  of  growth, 
is  flopped  up,  by  reafon  of  its  arrival  thereat. 
The  fame  thing  befalls  large  fnails,  and  the  only 
reafon  why  we  fee  the  holes  E  in  fig.  7  and  8, 
upon  the  flight  of  their  fhell  is,  that  they  had  not 
attained  their  utmofl:  growth  ;  otherwife  thofe 
holes  would  have  been  covered  over  as  in  fig.  1 1. 

When  the  collar  draws  the  feveral  fpires  round  a 
little  cone,  ’tis  evident  a  little  conical  fpace  mud 
be  left  vacant  in  the  middle  of  the  fhell ;  that  is, 
a  little  cavity  will  appear,  round  which  all  the 
fpires  are  placed.  Several  fpecies  of  fea-fhells, 
as  that  of  fig,  1 2,  and  diverfe  kinds  of  land  fnails 
have  fuch  a  conical  aperture. 

If  the  vertex  of  the  cone,  round  which  the  collar 
of  the  animal  winds,  beat  the  origin  of  the  fhell, ’cis 
evident  this  hole  mufl  terminate  in  the  poinc  of  the 
fhell,  which  will  clofe  it  here.  Such  is  the  hole 
of  the  fnail.  fhells  above-mentioned,  and  that  of 
fig.  12,  which  terminates  where  the  fhell  com¬ 
mences  *,  but  if  the  vertex  of  the  cone  be  beyond 
the  origin  of  the  fnell,  it  mufl  be  perforated 
throughout  *,  and  after  this  manner  are  feveral 
fea-H'iells  iormed. 
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.  Laftly,  if  we  fiippofe  the  collar  of  the  animal 
twift  round  a  folid  of  fome  crooked  figure,  in  lieu 
of  the  cone  above  fuppofed,  and  the  vertex  of 
this  folid  to  be  at  the  origin  of  the  fhell,  ’tis  like- 
wife  evident,  that  a  hole  will  be  formed  in  the 
fhell  of  the  figure  of  fuch  folid. 

If  the  animal  inhabidng  fuch  a  fhell,  form  a 
cavity  all  along  the  flight  thereof,  fuch  as  we 
have  already  reprefented  on  the  fhells  of  large 
garden- fnaiis,  this  its  fhell  muft  be  perforated 
with  two  feveral  holes  through  its  whole  length, 
and  confequently  will  have  two  oblong  apertures*, 
wherewith  the  body  of  the  animal  has  no  commu¬ 
nication. 

Thefe  two  holes  may  fometimes  alfo  be  pro¬ 
duced  after  the  fame  manner  as  that  running  along 
the  flight.  To  conceive  this,  we  need  only  ima¬ 
gine,  that  the  part  which  afterwards  poflTefles  the 
place  of  that  which  has  formed  the  hole,  by  reafon 
it  could  not  mould  itfelf  upon  the  flight,  that  the 
part  I  fiy  of  the  animal’s  body  that  fuccceds  this, 
cannot  adapt  itfelf  exadlly  to  the  fhell  it  has  pro¬ 
duced. 

A  volume  would  hardly  fuflice  to  relate  all  the 
remarkables  in  the  figures  of  fliells,  I  have  pre- 
fcribed  myfelf  narrower  bounds,  and  the  more 
willingly  I  do  it,  as  there  is  fcarce  any  thing  ex¬ 
traordinary  in  them,  whofe  formation  may  not 
be  reduced  to  fomething  already  laid  down. 

An  explanation  of  the  figures^  tranjlated  hy 

J.M. 

Fig,  6,  reprefents  a  fliell  of  a  great  garden 
fnail,  broken  in  two  dilfcrcnt  places.  The  let¬ 
ters  AAA  mark  the  circumvolurion  of  the  holes 
that  have  been  made  in  it.  We  fee  thefe  holes 
^  Fig.  i;. 
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(lopped  by  new  pieces  of  (hell,  placed  immedi¬ 
ately  under  the  old  one.  It  muft  be  obferved, 
that  this  new  (hell  is  not  coloured  like  the  old  one, 
that  it  ■  has  not  allb  ditferent  little  lines,  which 
may  be  called  fibres  of  the  (hell,  though  impro¬ 
perly  becaufe  of  their  figure  ;  and  thefe  fibres  are 
marked  diltinClly  upon  the  old  one. 

Fig.  7.  The  letters  AAA  mark  the  circum¬ 
volution  of  an  aperture  made  in  the  fhell.  It  is  a 
piece  of  thin  skin,  which  (lops  this  aperture  *,  it 
is  palled  to  the  inner  furface  of  the  (hell.  B  re- 
prefents  the  new  (hell,  which  has  formed  itfelf 
upon  the  furface  of  the  skin  which  touched  the 
body  of  the  fnail. 

D  D  is  the  circumvolution  of  the  aperture  of 
the  (hell,  which  is  not  turned  back  like  that  of 

fig.  6. 

E  marks  by  a  prick’d  line  the  aperture  of  a 
hole,  which  runs  along  the  whole  flight  of  the 
(hell,  quite  to  its  fummit  or  point  P. 

C  C  is  one  of  the  notable  bounds  of  the  growth 
of  the  (hell.  We  there  fee  the  rays  almoft  inter¬ 
rupted,  or  faintly  traced. 

Fig.  8,  is  the  fhell  of  a  great  garden  fnail,  of 
which  the  circumvolution  of  the  aperture  went 
juft  to  A,  but  broken  according  to  the  turn  of 
this  aperture,  which  is  bounded  by  the  letters 
B  C  C.  C  C  C  is  a  bit  of  thin  skin,  .which  here 
appears  pafted  upon  the  outer  furface  of  the  (liell, 
but  we  muft  allb  imagine  it  pafted  upon  the  in¬ 
ner  furface  of  the  fame  fhell  •,  fo  that  it  covers  the 
whole  edge  of  the  fhell,  which  is  confequently 
contained  betw'een  the  two  extremities  of  this  piece 
of  thin  skin.  E  D  D  D  mark  the  new  fhell 
which  has  been  produced,  and  feparated  from 
the  bid  one  by  the  thicknefs  of  the  skin  upon 
which  it  is  applied. 
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Fig.  9.  reprefents  the  fliell  of  a  fmall  fnail, 
newly  come  out  of  its  egg. 

Fig.  10.  is  a  fmall  garden  fnail,  with  5  black 
or  brown  rays  painted  upon  its  fhell ;  the  inter¬ 
vals  between  thefe  rays  are  of  a  lemon  colour. 
This  fnail  appears  divefted  of  a  part  of  its  fliell, 
which  went  before  to  AAA,  and  is  at  prefent 
terminated  in  B  B,  which  was  done  on  purpofe  to 
fliew  the  collar  of  this  fnail,  which  is  alfo  marked 
with  5  rays  C  C  C  C  C  of  a  brown  colour,  but 
not  lb  deep  as  that  of  the  fliell ;  the  origin  of  thefe 
rays  is  at  fome  little  diftance  from  the  extremity 
of  the  collar  ;  and  they  ufually  are  but  a  line  or 
two  in  length.  The  fpace  between  thefe  rays, 
and  that  which  is  between  the  neareft  extremity 
to  the  edge  of  the  collar,  and  that  edge  of  the 
collar  A  K  is  of  a  much  brighter  colour  than  that 
of  the  rays,  and  alfo  more  brown  than  that  of  the 
reft  of  the  skin,  which  is  from  the  extremity  of 
the  rays  C  C  C  C  C  the  moft  diftant  from  AAA, 
quite  to  the  fummit  P  of  the  fhell. 

The  edge  A  A  A  of  the  collar  of  the  animal  is 
of  a  brownifh  colour. 

Fig.  Ti.  is  alfo  a  ftriped  fliell,  with  only  3 
rays.  There  have  two  holes  been  made  in  this 
fliell,  of  which  the  fartheft  from  the  collar  is 
marked  A,  and  the  neareft  D  C  C.  The  fhell 
which  was  formed  to  flop  the  hole  A,  is  of  a 
different  colour  from  the  rays  and  their  intervals. 
But  that  which  flopped  the  hole  DCC  is  of  the 
fltme  colour  with  the  old  one  ;  fo  that  the  black 
rays  are  continued  in  C  C,  and  D  is  of  a  lemon 
colour.  This  laft  hole  however  is  here  painted 
not  quite  fo  near  the  edge  of  the  fhell  as  it  fliould 
be. 

B  B  B  mark  the  return  of  this  fliell,  which 
was  ariived  at  its  laft  degree  of  growth.  This, 
3  return 
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return  is  of  a  brown  colour ;  it  has  alfo  been 
fcen  (in  fig,  lo.)  that  the  extremity  of  the  edge 
of  the  collar  is  brown.  The  origin  of  the  rays  of 
the  Ihell  is  not  at  this  return,  as  the  origin  of  the 
rays  of  the  collar  is  not  at  the  extremity  of  this 
collar. 

E  marks  the  ftiell,  which  then  ftops  the  cavity 
along  the  flight. 

Fig.  12.  reprefents  a  Ihell,  called  /a  Veuve it 
is  marked  with  different  black  fpots,  of  irregular 
figures,  and  placed  irregularly  on  a  white  ground. 

At  A  there  is  a  hole,  which  goes  juft  to  the 
fummit  of  the  fliell.  This  hole  is  formed  very 
differently  from  that  of fig.  7  and  12. 

Fig.  13.  is  a  fpecies  of  turbinites^  upon  which 
appear  different  little  fquares,  of  a  red  colour, 
difpofed  in  a  pretty  regular  proportion. 

Fig.  14.  is  the  fecftion  of  a  fhell,  where  the 
tail  of  the  animal  has  been  obliged  to  abandon 
the  firft  turns,  becaufe  they  are  grown  quite  folid. 
The  letters  A  A  A  A  A  A  mark  the  fpaces,  which 
at  firft  were  occupied  by  the  body  of  the  animal, 
and  afterwards  filled  up.  It  Ihews  alfo  that  part 
of  the  fpace  EB  is  become  folid,  namely  that 
which  is  marked  E,  the  body  of  the  animal  oc¬ 
cupied  only  the  fpaces  B  B,  D  D  D  D,  £5? r, 

C  C  C  C  are  thofe  eminences  of  fhells,  which 
I  have  called  horns,  or  fecftions  of  thofe  emi¬ 
nences. 

Fig,  15.  is  the  tranfverfe  fecftion  of  a  fliell, 
which  after  having  made  a  certain  number  of 
fpiral  turns  in  C  C  C  C  one  way,  turns  back 
again  in  D  D  D. 

A  A  are  two  holes,  which  are  in  the  whole 
length  of  the  fhell,  with  which  the  body  of  the 
animal  does  not  communicate,  which  occupies 
the  fpaces  B  B  B,  i^c. 

C  C  C  are  eminences,  or  little  horns.  Fig. 
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Fig,  1 6.  is  a  fpecies  of  turhinites^  which  feems 
very  artificially  wrought.  This  ornament  comes 
from  different  returns,  fuch  as  the  laft  AAA 
difpofed  from  fpace  to  fpace. 

Fig,  17.  has  alfo  feveral  returns  like  the  pre¬ 
ceding.  But  we  may  alfo  obferve,  that  each  of 
thefe  returns  is  fluted. 

B  B  is  the  inner  furface  of  the  fliell,  which  is 
fmooth,  tho’  the  returns  are  fluted. 

Fig,  18.  is  a  fhell  with  the  outer  furface  fluted, 
tho*  the  inner  furface  is  fmooth. 

C  C,  C  C  C,  D  D  D  are  3  bounds  of  very 
fenflble  growths,  the  laft  of  which  D  D  D  D  is 
adorned  with  feveral  little  eminences,  which  I 
have  called  points,  becaufe  of  their  figure. 

Fig.  19.  is  alfo  a  fluted  fhell,  but  it  has  this 
Angularity,  that  each  of  the  ribs  of  the  flutings 
are  themfelves  little  canals ;  that  is,  there  remain 
void  fpaces  in  the  middle  of  thefe  ribs  through 
their  whole  length  ;  and  thefe  holes  are  furrounded 
with  fhell  in  fuch  a  manner,  that  the  body  of  the 
animal  does  not  enter  within.  We  have  opened 
one  of  thefe  canals  marked  B,  D  D,  A  A,  C  C. 
It  appears,  that  the  inner  furface  D  D,  which  is 
applied  to  the  body  of  the  animal,  is  terminated 
in  A  A,  that  is,  thefe  long  holes  are  not  fhut  up 
from  A  A  to  the  extremity  C  C,  into  which  the 
body  of  the  animal  enters. 

XII.  Conjectures  and  RejieClions  upon  the 

matter  of  lights  or  fire^  by  M.  Jim, 

tranfated  by  Mr.  Chambers. 

The  matter  of  fire  is  the  ift,  and  moft  pow¬ 
erful  diflTolvant  of  terreftial  bodies,  we  having  no 
other  that  penetrates  fo  deep,  and  disjoins  the 
component  principles  fo  compleatly  ;  it  is  to  this 
matter  the  chymift  is  indebted  for  the  fecrets  he 
.  *  Nov.  13,  i7op.  ex- 
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extorts  from  nature  which  he  would  never  reveal 
unlefs  forced,  and  as  it  were  tortured  by  fo  active 
a  diflblvant. - Now  a  matter  which  con¬ 

tributes  fo  much  to  our  knowledge  of  other  bodies, 
docs  certainly  defer ve  to  be  itlelf  lludied  in  its 
turn. 

It  is  allowed  to  be  the  real  principle  of  heat, 
light,  and  even  of  the  fluidity  or  fufion  of  feveral 
tcrreftrial  bodies,  which,  without  the  mixture 
and  action  of  this  matter  would  always  remain  in 
a  folid  form  ;  but  as  it  is  not  always  found  ia 
fuflicient  .plenty,  or  meets  with  bodies  which 
make  too  much  refiftance,  we  fometimes  find, 
that  inftead  of  liquifying  or  keeping  them  in 
their  former  fluidity,  it  engages  itfelf  in  them, 
and  becomes  inclofed  in  fuch  a  manner  as  to  re¬ 
main  imprifoned,  and  to  need  fome  external 
caufe  to  come  to  its  afliftance,  and  open  the  cells 
on  the  outfide,  wherein  it  was  retained. 

There  are  2  remarkable  circumftances  in  this 
imprifoned  matter;  the  firfl:.  That  it  fometirrfes 
makes  a  fenfible  increafe  in  the  weight  of  the 
body  it  is  contained  in  ;  and  the  2d,  That  it  re¬ 
tains  all  its  peculiar  properties  during  the  whole 
time  of  fuch  captivity,  whereof  it  gives  evident 
proofs,  when  ever  occafion  is  given  it,  of  break¬ 
ing  loofe  from  its  confinement,  and  making  an 
efledl  upon  fome  other  body. 

Every  body  will  not  allow  of  what  I  here  at¬ 
tribute  to  the  matter  of  fire,  it  is  even  alledged, 
that  fuch  dodlrine  is  repugnant  to  our  idea  of 
what  conftitutes  the  proper  nature  of  this  matter, 
and  yet  it  is  fupported  by  fo  many  and  folid  ex¬ 
periments,  that  feveral  chymifts  of  the  firfl  clafs, 

have  been  obliged  to  adopt  it. - To  fet  it  in 

a  further  light,  and  have  the  more  pretence  for 
applying  it  to  certain  fhcenojiiena^  which  I  pro- 

pofe 


I 

Royal  Academy  of  Sciences.  289 

pofe  to  account  for  in  this  memoir,  and  fome 
others,  I  fhaJl  relate  the  experiments  it  is  ground¬ 
ed  upon,  and  anfwer  fuch  objedions  as  are 
brought  againft  it;  objedions,  which,  notwith- 
ftanding  all  the  verifi mill tude  given  it  by  experi¬ 
ments,  are  offeree  fufficient  to  bring  its  truth  in 
queftion. 

Every  body  knows,  that  feveral  metalline  bo¬ 
dies  when  expofed  to  the  fire,  as  regulus  of  anti¬ 
mony^  lead,  tin^  and  even  mercury ;  notwich- 
ftanding  that  they  loofe  a  great  deal  of  their  own 
fubftance,  which  flies  into  the  air  during  the  ope¬ 
ration,  are  fo  far  from  weighing  lefs  than  they 
did  before,  which  one  would  naturally  exped, 
that  they  v/eigh  a  great  deal  more.  Now,  the 
queftion  is,  whence  this  augmentation  of  weight 
ihould  arife  ?  And  whether  the  fire,  which  reduces 
thefe  bodies  into  the  calcined  ftate  we  fee  them  do 
not  likewife  give  them  this  additional  weight  ? 

It  may  perhaps  be  anfwered.  That  this  aug¬ 
mentation  of  weights  arifes  from  the  acids  of  the 
wood,  or  coals,  which  are  introduced  into  thefe 
bodies,  by  means  of  the  fire,  and  remain  in 
them,  when  the  particles  of  fire  are  gone  off.—* 
But  it  is  difficult  to  conceive,  how  a  fufficient 
quantity  of  thefe  acids  fhould  arrive  at  a  calcined 
body  to  produce  an  augmentation,  which,  asM. 
Homherg  obferves,  fometimes  amount  to  th 
part  of  the  whole,  it  is  certain  ere  they  reach  the 
body  expofed  to  the  fire,  they  muft  pafs  through 
the  vefifel  v;herein  the  matter  is  contained  ;  and 
yet  the  veftelsufed  in  thefe  operations  are  fuch  as 
will  hold  the  moft  violent  acids,  without  letting 
them  efcape  thro’  their  pores ;  it  therefore  fome 
acids  of  wood  find  means  to  pafs  along  with  the 
particles  of  th«  fire,  thro*  the  pores  above-men¬ 
tioned,  yet  the  difficulty  of  palling  is  fuch,  as  to 

VoL,  III,  N?.  31.  Kk  make 
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make  their  number  very  fmall ;  fo  that  much  the 
greateft  part  of  the  acids  muft  be  hopped,  and  re¬ 
tained  by  the  particles  of  the  veffel  itfelf,  which 
is  ufually  of  a  nature  difpofed  to  abforb  them ; 
the  matter  of  fire,  on  the  contrary,  pafling 
freely  and  plentifully  through  all  kinds  of  veffels, 
muft  be  allowed  much  filter  to  make  this  aug¬ 
mentation,  which  being  very  cohfiderable,  will 
fuppofe  a  copious  caufe,  fuch  as  fire  alone  can  fur- 
nifh  *,  but  what  proves  the  point  ftill  more  fully 
is,  that  upon  expofing  thefe  bodies  to  the  fun’s 
rays  colledted  by  a  burning-glafs,  their  weight  is 
no  lefs  increafed  than  if  they  had  been  expoled  to 
a  common  fire  n  now  in  this  cafe  all  acids  ot 
wood,  and  coals,  are  effedluaily  precluded  ;  and 
whatever  fuppofition  we  go  upon,  it  will  be 
equally  difficult  to  exclude  the  fire  from  its  ftiare 
in  this  pheenomenon. 

But  befides  proving  that  the  matter  of  fire  in- 
finuates  itfelf  into  certain  bodies,  and  augments 
their  weight,  it  muft  likewife  be  ftiewn,  that 
this  matter  in  being  thus  repofited  in  bodies,  al¬ 
ters  not  its  nature,  but  retains  all  the  particular 

properties  which  conftitute  it  matter  of  fire. - - 

The  proof  of  this  fecond  article  will  be  a  confir¬ 
mation  of  the  firft:  -,  for  if  what  is  introduced  into 
the  bodies  during  their  calcination,  be  the  real 
matter  of  fire,  when  we  conceive,  that  this  mat¬ 
ter  engages  itfelf,  and  rcfidcs  therein,  with  all  its 
native  properties,  it  will  be  eafily  allowed,  that 
‘the  augmentation  of  weight  arifes  chiefly  there¬ 
from. 

Now  the  matter  of  fire  retained  in  metalline 
‘bodies,  is  kept  too  clofe  to  be  able  to  manifeft;  it¬ 
felf  by  any  of  the  fcnfible  figns,  which  fhould 
make  it  known,  and  diftinguifh  it  from  .^other 
matters  ;  the  reafon  is,  that  to  become  perceive- 
-  -  •  3  '  -V  ..  .  .  able. 
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able,  it  mufl:  force-its  prifon  doors,  and  make  an 
attack  upon  fome  other  body  ;  but  the  cells  it  is 
repofited  in,  are  fo  ftrong,  and  Iblid,  that  no¬ 
thing  lefs  than  a  fire  of  fufion  will  fuffice  to  break 
them,  and  difengage  the  fiery  particles  contained 
in  them. 

It  is  otherwife  with  thofe  which  had  infinuated 
into  ftony  or  faline  bodies,  by  means  of  calcina¬ 
tion  ;  for  thefe  bodies  being  of  a  laxer  texture, 
water  alone  fuffices  to  make  them  a  pafifage  out ; 
for  that  by  impinging  againfl:  the  particles  of 
thofe  bodies,  it  not  only  deftroys  the  union,  but 
reduces  them  into  a  fine  powder,  capable  of  being 
fuflained  in  the  fluid  :  thus  the  reafon  why  lime- 
water  for  inftance  is  a  drier,  and  abforbent,  is 
owing  to  the  ffony  particles  it  is  replete  with,  and 
if  lime  fteeped  in  water  be  unfit  for  the  ufes  of 
building,  it  is  by  reafon  its  particles  having  been 
much  attenuated  by  the  fluid,  unite  again  fo  inti¬ 
mately  as  to  form  one  compabl  and  durable 
mafs.  > 

As  water  therefore  difunites  the  particles  of 
faline  and  llony  bodies  when  calcined,  and  grinds 
them  fo  very  fmall,  if  there  be  any  matter  of 
fire  lock’d  up  between  the  particles  thereof,  it 
iDufl  efcape  by  means  of  this  difunion  ;  and  this  it 
does  accordingly,  throwing  itfelf  into  the  aqueous 
fluid  which  had  delivered  it,  and  which  becomes 
more  or  lefs  heated  thereby,  in  proportion  to  the 
quantity  of  this  matter. 

Another  remarkable  effedl  is  obferved  in  fome 
of  thefe  bodies ;  viz.  That  making  a  very  ample 
provifion  of  the  matter  of  fire,  and  being  liable 
to  let  it  loofe  again  upon  the  flendereft  occafion, 
when  they  are  applied  upon  an  animal  body,  the 
fiery  particles  which  iffue  from  them,  and  infinuate 
into  th^  texture  of  the  part,  burn,  and  make  aq 
^  Kk2  ' 
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efchar  ditfering  only  in  degree  from  that  produced 
by  a  live  coal,  or  a  hot  iron. 

The  eafinefs  for  the  accounting  for  the  effe6ls 
above-mentioned,  on  the  fuppofition  of  particles 
of  fire  latent  in  fuch  bodies,  is  a  violent  pre- 
fumpeion  in  favour  of  the  hypothefis ;  but  what 
renders  it  inconteftable  is,  the  manner  wherein 

'  ^  I 

calcined  bodies  become  difpofed  for  fuch  effedis, 
which  is  in  confequence  of  their  being  expofed  to 

the  matter  of  fire - Add  to  this,  that  the 

p  operties  they  acquire  hereby,  are  the  f^me  as 
thofe  of  natural  fire ;  and  that  none  of  thele  ef- 
fe6ls  are  unaccountable  for,  without  any  tolerable 
fatisfadlion  upon  any  of  her  footing. 

For  to  take  a  particular  inftance,  when  lime 
caft  in  water  turns  that  liquid  hot,  and  makes  it 
boil  as  fire  would  do,  fhall  this  efT6l  be  attri¬ 
buted  to  any  fermentative  particles  contained  in 
the  lime,  and  brought  into  adlion  by  the  fire 
With,  what  ground  can  this  be  done,  when  we 
find  nothing  in  lime  but  a  pure  earth,  ftripped  of 
all  fahs,  the  fire  feeming  to  have  expelled  all 
other  matters  to  make  room  for  itfelf  ?  And  how’ 
fhould  a  pure  earth,  when  deeped  in  water,  be 
able  to  heat  it  ?  But  the  particles  of  fire,  fay  they, 
are  only  fuch,  by  reafon  of  the  rapid  motion  they' 
are  agitated  with.  Now  fuppofing  them  engaged 
in  the  texture  of  grofs  bodies,  they  mud  quickly 
loofe  their  motion,  and  confequently  ceafe  to  be 
fire,  and  thus  become  incapable  of  the  effedts  at¬ 
tributed  to  them,  fo  that  fome  other  caufe  mud 
be  had  recourfe  to. 

I  anfwer,  that  the  matter  of  fire  mud  be  confi- 
dered  as  a  fluid  of  a  certain  nature,  and  endued 
with  properties  peculiar  to  it,  which  didinguifh 
it  from  all  other  fluids.  Now  I  agree,  that  thefe 
properties  depend  on  the  rapid  motion  of  the  par¬ 
ticles 
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tides  of  this  fluid  %  but  conceive  withal,  that  the 
figure  of  each  of  thefe  particles  mufl:  be  taken  into 
the  account :  be  this  at  it  will,  when  this  fluid 
happens  to  be  detained  in  the  texture  of  any  grofs 
bodies,  its  condition,  I  fuppofe,  is  no  worle 
chan  that  of  other  fluids,  and  confequently  muft 
have  the  fame  fate :  now  water  is  likewife  a  liquid, 
whofe  fluidity,  as  fliall  hereafter  be  fhewn,  de¬ 
pends  upon  the  matter  of  fire,  and  confequently 
whofe  fluidity  mufl:  be  much  fhort  of  that  of  fire  ; 
and  yet  we  lee  water  daily  inclofed  in  numerous 
bodies  without  loofing  its  fluidity,  or  any  of  the 
properties  which  charaderize  it ;  fo  that  upon 
-  bringing  it  forth,  we  find  it  the  fame  matter  as 
before  ;  and  much  more  mufl:  the  matter  in  que- 
ftion,  when  in  the  fame  circumflances,  retain  its 
nature,  and  be  found  upon  its  enlargement  with 
the  fame  properties  as  before. 

But  it  will  be  replied,  that  the  bufinefs  here  is 
not  about  a  comparifon,  but  to  fhew  how  the 
particles  of  fire  detained  in  a  grofs  body  can  pre¬ 
serve  their  motion.  This  we  lhall  confider  accord¬ 
ingly,  after  firfl  difpatching  the  following  diffi¬ 
culty,  the  anfwer  to  which  will  naturally  kad  to 
that  folution. 

^Tis  eafy  to  conceive  how  a  grofs  fluid,  whofe 
particles  are  in  a  moderate  agitation,  fhould  be 
retained  in  the  texture  of  a  folid  body  *,  but  it  is 
fcarce  conceivable,  but  that  a  matter  fo  fubtil  and 
adive  as  fire,  fhould  not  find  fome  paflfage  out  of 
the  bodies  it  has  been  introduced  into,  or  fhould 
hot  even  make  itfelf  a  palTage  by  the  rapidity  of 
its  motion. 

I  anfwer,  that  as  to  what  regards  the  adivity  of 
the  matter  of  fire,  it  is  certainly  very  great;  and 
that  when  this  matter  is  in  a  fufficient  quantity  to 
■  ’  '  ■  '  fur- 
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furmount  the  refiftance  of  a  foJid  body,  it  makes 
its  way  thro’  by  breaking  the  continuity  of  its 
parts ;  but  it  is  not  always  that  it  is  in  quantity 
fufficient  for  this  purpofe  ;  in  which  cafe  its  force 
being  inferior,  or  only  equal  to  the  refiftance  of 
the  folid  body  it  is  inclofed  in,  all  its  adlivity 
and  efforts  remain  ufelefs,  unlefs  they  be  affifted 
by  fome  foreign  caule  ailing  on  the  out  fide. 

As  to  the  lubtilty  of  the  particles  of  this  mat- 
/  ter,  it  muft  be  allowed  v^ery  confiderably  -,  but 
the  queftion  will  be,  Whether  the  pores  of  the 
cells  they  are  inclofed  in  may  not  be  ftill  fmaller  r 
As  we  have  no  m'icrofcope  fine  enough,  nor  any 
meafure  exacft  enough  to  decide ^  this  point,  and 
there  being  withal  no  inconvenience  in  fuppofing 
the  pores  above-mentioned  fmaller  than  the  parti¬ 
cles  of  fire,  1  inclined  to  this  fuppofition,  by  rea- 
fon  of  the  ftrong  arguments  we  have,  that  the 
matter  of  fire  is  adually  retained  in  the  texture  of 
feveral  bodies. 

Nor  do  I  pretend,  that  the  pores  thro’  which 
the  particles  of  fire  cannot  pafs,  Ihould  be  im¬ 
penetrable  to  all  other  kinds  of  matter,  for  how 
fmall  foever  thefe  particles  be,  I  can  conceive 
others  lOO  times  fmaller,  which  can  eafily  pervade 
all  pores,  and  whofe  office  may  perhaps  be  to  fill 
the  vacuities  of  the  univerfe ;  but  notwithftanding 
that  their  fmallnefs  furpaffTes  that  of  fire,  I  do  not 
apprehend  them  fo  proper  to  produce  the  effe(5ls 

here  treated  off',  as  the  matter  of  fire - My 

reafon  is,  that  one  of  the  chief  properties  of  fire 
is  to  dilTolve  and  liquify  terreftrial  bodies,  which 
it  effecls  by  dividing  and  difuniting  the  particles, 
and  giving  each  the  neceflTary  motion  to  conftitute 
it  a  fluid  ;  but  the  fubtil  matter  above-mentioned, 
finds  fo  open  a  paflTage  thro-  all  bodies,  that  it  ef- 
capes  on  every  fide  without  making  fo  ftrong  an 

im- 
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imprefTion  on  thofe  bodies  as  we  fird  from  the 
matter  of  fire,  which  being  lefs  fubtil  than  the 
former,  and  confequently  unable  to  purfue  the 
fame  roads,  is  forced  to  break  the  obftacles  in 
its  way,  and  thus  dcftroy  the  natural  texture  of 
the  bodies  ;  this  reafoning  might  be  confimed  by 
leveral  fenfible  fadls,  ol  which,  the  following  is 
one :  if  a  net  be  fpread  in  the  fiream  of  a  river, 
the  particles  of  water  finding  an  eafy.  pafiage  thro’ 
the  holes  or  mafhes  thereof,  will  do  it  no  damage; 
but  if  a  body  come  which  is  too  bulky  to  pafs  thro* 
thofe  mafhes,  it  muft  either  be  flopped  thereby, 
or  break  the  net  j  and  the  fame  befalls  the  matter 
of  light,  which,  according  to  its  quantity  and 
ftrcngth,  is  either  detained  in  bodies,  or  diflblves 
them. 

Now  to  conceive  without  the  help  of  any  com- 
parifon,  how  the  matter  of  fir.e  inclofed  in  the 
cells  of  a  folid  body,  fhould  be  able  to  preferve 
its  motion,  we  need  only  obferve,  that  there  is  a 
more  fubtil  matter  continually  pervading  the  pores 
of  thefe  cells,  and  which  of  confequencc  muft 
keep  up  the  agitation  of  the  particles  refiding 
therein. 

M.  Saiirin  has  fhcwn,  that  we  may  fafely 
affirm,  that  the  proper  matter,  even  of  the  moft 
folid  and  heavy  bodies,  does  hardly  make  the 
1 00. 000th  part  of  their  bulk.  *  Now,  though 
we  fhould  abate  a  good  deal  of  this  fuppofition, 
yet  there  would  flill  be  room  enough  in  the  moft 
folid  bodies  to  give  pafiage,  or  even  lodging,  to 
a  large  quantity  of  foreign  matter,  in  which  cafe 
the  fubtile  matter  abovementioned,  pafiing  more 
copioufly  than  can  well  be  imagined,  the  fiery 
particles,  notwithftanding  their  imprifonment,  wiij 
not  want  caufes  fufficient  to  maintain  their  fluidity 
and  motion. 

In 
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In  effect,  iho’  it  fhould  be  granted,  that  the 
particles  of  fire  engaged  ih  a  folid  body,  could 
not  always  preferve  their  motion  therein,  it  ^ould 
not  follow  hence,  that  they  muft  loofe  their  pro¬ 
per  nature  of  fire  ;  for  it  is  not  only  to  the  rapi¬ 
dity  of  their  motion,  but  alfo  to  their  figure,  and 
their  fmallnefs,  that  their  peculiar  properties  are 
owing :  thus  the  particles  of  water  are  at  reft 
when  frozen  ;  and  yet  no  body  will  fay,  that  they 
are  eflenrially  difterent  now,  from  what  they  were 
before,  fince  we  find  the  Icaft  agitation,  or  the 
fmalleft  degree  of  heat,  enables  them  again  to 
produce  efte<5i;s  which  they  had  (till  remained  fit 
for  by  their  peculiar  figure,  and  whereof  no  other 
body,  though  expofed  to  the  fame  heat,  would 
ever  be  capable. 

We  likewife  know,  that  fait  is  the  matter  of 
taftes,  and  has  certain  properties  arifing  from  the 
peculiar  figure  of  its  parts,  and  yet  it  only  afls 
when  diflblved  ;  or  which  amounts  to  the  fame^ 
when  it  floats  in  a  fluid,  which  keeps  its  particles 
in  motion.  Now  will  any  one  alledge,  that  faltj 
vyhen  undiffolved,  is  not  the  matter  of  taftes,  nor 
has  the  fpecial  properties  which  characterize  a 
fait  ?  This  can  never  be  faid  while  its  particles  re¬ 
tain  their  eflential  figure,  the  chief  fource  of  thefe 
properties. 

Hence,  tho’  it  were  true,  that  the  retention  of 
particles  of  fire  in  a  folid  body,  fometimes  robbed 
them  of  their  motion,  they  would  only  be  in  the 
cafe  of  frozen  water,  or  folid  fair*,  and  might 
be  reftored  to  their  former  effects  by  recovering 
their  motion. 

It  may  perhaps  be  demanded,  why  the  matter 
of  fire,  which  had  penetrated  into  a  folid  body, 
fhould  not  be  able  to  get  out  again  without  the 
help  of  a  foreign  caufe  to  facilitate  its  efcape,  the 

paffages 
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pafTages  having  been  open  enough  to  let  it  in,  can¬ 
not  be  too  narrow  for  its  exit. 

I  anfwer,  that  while  the  body  is  expofed  to  the 
fire,  its  pores  are  opened,  and  dilated,  and  fe- 
veral  of  the  fiery  particles  which  are  continually 
entering  it,  go  out  again  with  the  fame  liberty  fo 
long  as  the  dilatation  of  the  pores  remains ;  but 
when  the  fire  ceafes  to  a61:,  the  caufe  of  this  dila¬ 
tation  ceafing  likewife,  the  pattieJes  of  the  body 
which  before  had  been  fwelled,  do  now  ihrinkj 
and  their  pores  return  to  their  firft  (fate  ;  upon 
which  the  particles  of  fire  which  had  infinuated 
into  the  cells  of  fuch  body,  are  now  utterly  fhuc 
up,  beyond  a  pofiibility  of  efcaping,  till  fome 
new  dilatation  of  the  poreSj  or  a  fufion  of  the 
body  fet  them  free. 

’Tis  no  wonder,  that  bodies,  which,  by  their 
calcination  have  ftored  up  a  large  quantity  of 
fire,  fhould  not  afford  any  fenfe  of  heat  upon 
touching  *,  for  as  the  particles  of  fire  inclofed  with¬ 
in  them,  cannot  reach  the  hand,  which  is  only 
applied  on  their  furface,  the  effe6b  will  be  the 
fame,  as  if  they  had  no  fire  at  all ;  as  we  find 
that  fait  is  only  fenfible  to  the  tafte,  when  it  is  dif- 
engaged  enough  from  all  other  bodies,  to  make 
an  immediate  imprcffion  upon  the  organ  of  that 
fenfe  :  and  hence  if  a  body  neWly  taken  from  the 
fire,  give  a  vehement  fenfe  of  heat,  this  is  not 
owing  to  the  particles  of  fire  imprifoned  in  it, 
but  to  thofe  which  have  found  paifages  open 
enough  to  let  them  out :  for  we  may  fappofe 
two  kinds  of  pores,  fome  which  are  naturally  big- 
enough  to  give  freepaffage  to  the  matter  of  fife  at 
all  times,  and  others  which  only  afford  if,  when 
dilated  by  heat. 

Laftly,  it  may  be  further  asked,  why  the  mat¬ 
ter  of  fire  inclofed  in  faline  and  ftony  bodies,  does 
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not  break  the  texture  of  the  parts,  which  oppofe 
its  efcape,  fince  we  find  water  do  it,  which  yet 
is  incomparably  lefs  a6live  than  fire. 

I  anfvver,  that  if  the  quantity  of  matter  in  fire 
contained  in  lime,  were  as  great  as  that  of  water 
poured  on  it,  it  would  probably  need  no  foreign 
afTiftance  to  get  forth  •,  but  notwithflanding  all 
its  activity,  its  quantity  may  be  found  fo  fmall, 
compared  to  that  of  water,  that  the  particles  of 
water  fhall  be  more  effe(5lual  than  thofe  of  fire. 
Now  ^tis  evident,  that  the  fire  procured  from  the 
bodies  above-mentioned,  is  much  lefs  in  quantity 
than  the  water  ufed  to  procure  them. 

Further  as  to  fixed  alcali  falts,  which  likewife 
contain  particles  of  fire  *,  water,  ’tis  known,  dif- 
folves  them  with  furprizing  quicknefs,  and  fire 
itfelf  would  hardly  be  able  to  bring  them  fooner 
10  fufion.  If  then  water  make  fo  perfect  a  dif* 
union  on  the  particles  of  thefe  falts,  it  will  hereby 
afford  a  free  paffage  to  the  matter  of  fire  re¬ 
tained  among  thofe  particles  ;  and  if  nothing  than 
a  fire  of  fufion  fuffice  to  prove  the  fame  difunion 
in  thefe  falts,  the  matter  of  fire  contained  therein, 
being  in  much  lefs  quantity,  and  confequently 
much  lefs  powerful  than  that  of  a  fire  of  fufion", 
’tis  evident  on  this  occafion  it  mud  a6t  lefs  effec¬ 
tually  than  water  \  nor  muft  we  fuppofe,  that  the 
liquid  thus  poured  upon  lime  and  alcaly  falts,  does 
alone  open  a  paffage  for  the  matter  of  fire,  but 
there  being  all  the  room  imaginable  to  fuppofe, 
that  this  matter  ftill  retains  its  motion  within 
the  bodies,  we  conclude,  that  ’tis  continually  at 
work  in  its  prifon  to  force  a  way  thro’  the  fame  ; 
and  that  if  it  prove  unable,  notwithflanding  all  its 
efforts,  to  make  its  efcape,  without  an  extraneous 
aid,  yet  it  contributes  confiderably,  and  facilitates 
the  effect  of  this  aid. 


The 
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The  fun  only  feems  a  vaft  fund  of  the  matter  of 
Hre,  or  if  you  had  rather,  a  huge  flame  of  the 
lame  effential  nature  as  ours,  fince  we  find,  that 
both  the  one  and  the  other  produce  the  very 
fame  effefils  ;  but  this  luminary  being  at  a  great 
diftance  from  us,  can  only  ad  on  terreflirial  bo¬ 
dies,  in  2  manners,  viz.  either  by  emanations 
and  effluxes  of  his  fubftance,  emitted  from  thence 
to  us,  an  hypothefis  liable  to  feveral  difficulties, 
and  inadequate  to  certain  of  the  phsenomena,  or 
by  trains  of  the  matter  of  this  fire  diflufed  thro’ 
all  the  intervals  of  the  fluid  mafs,  between  the 
fun  and  us,  which  trains  come  to  ad  upon  terre- 
ftrial  bodies,  when  preflTcd  or  impelled  towards 

them  by  the  prefence  of  the  fun. - — Each 

train  may  be  confidered  as  a  little  fun  continued, 
but  ftill  depending  upon  the  large  one,  which  is 
the  fource  of  their  motion  or  adion,  upon  terre¬ 
strial  bodies. 

Thefe  trains  which  form  the  luminous  rays, 
and  are  immediate  agents  of  light,  do  not  difer 
as  to  the  matter  from  that  of  the  fun  itfelf,  as  we 
find  by  certain  experience  :  hence  as  the  fun  is  a 
flame  which  produces  the  fime  effeds  as  a  culi¬ 
nary  flame,  we  may  infer  the  manner  of  its  ading 
upon  terreflrial  bodies,  from  that  wherein  our 
flame  is  found  to  ad  :  now  we  know,  that  upon 
plunging  one  of  the  abovementioned  bodies  in  a 
common  flame,  ’tis  the  proper  matter  thereof, 
withoqt  any  foreign  alflllance,  that  penetrates, 
heats,  and  modifies  them  according  to  their  pecu¬ 
liar  nature ;  and  when  the  fame  bodies  are  pre- 
fented  to  the  fire  without  touching  the  flame,  the 
impreffions  they  receive  therefrom,  are  clTentially 
the  fame  as  thofe,  which  the  flame,  if  immediately 
applied  thereon,  would  have  produced :  the  only 
difference  is,  as  to  more  and  lefs,  fo  that  a  body 
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^(5led  on  immediately  by  a  little  flame,  will  be 
heated  and  altered  after  the  fame  manner,  as  if 
placed  at  a  confidcrable  diftance  from  a  large 
ftame. 

All  this  gives  a  fufficient  indication,  that  the 
matter  of  fire  or  light,  interpofed  between  the 
flame  and  us,  is  of  the  fame  nature  as  the  flame 
itfelf ;  and  why  then  fhould  the  luminous  rays, 
which  tranfmic  the  adlion  of  the  fun  to  us,  and 
feem  only  to  be  continuations  thereof,  be  of  a 
different  matter  from  the  fun’s  body  ?  In  etfe6f, 
when  coIle6ted  by  means  of  a  burning  glafs,  they 
a(ff  with  an  equal  or  even  more  vigour,  upon  ter- 
reftrial  bodies,  than  the  moil  violent  flame  could 
do,  if  immediately  applied  on  the  fime  bodies  *, 
a  proof  not  only  that  the  matter  of  thefe  rays  is 
the  fame  as  that  of  the  flame ;  but  alfo,  that  the 
flame  confifts  in  a  collcdion  of  a  vaft  quantity  of 
the  matter  of  light,  which  a6ls  the  more  forcibly^ 
as  it  is  more  copious,  and  colle6led  clofer.  On 
this  footing,  the  fun  only  feems  to  difler  from 
the  rays  of  light,  collected  by  a  burning-glafs  ; 
in  this,  that  the  matter  of  light  being  there  much 
more  copious,  and  more  colle(ffed  than  it  is  in 
the  rays,  would  aft  more  readily  and  forcibly 
upon  bodies  imipediately  applied  thereto. 

The  vehement  aftion  of  the  rays  united  by  a 
burning  glafs,  fliews,  that  the  fluid,  which  in  their 
natural  flare  feparates  and  extends  them,  does 
li-kewife  ferv^c  to  moderate  this  aftion,  and  ren¬ 
der  it  more  fupportable ;  for  without  fuch  me¬ 
dium,  inftead  of  enlightening  and  exciting  a  gen¬ 
tle  warmth,  they  would  conlume  all  bodies,  and 
even  deftroy  the  organ  of  fight.  To  explain  this 
by  a  fenfible  comparifon,  the  air  is  that  to  the 
rays  of  light,  which  water  is  to  the  particles  of 
fire,  in  a  Balneum  Mario'^  the  rays  being  tern- 


Royal  Academy  of  Sciences.  30I 

pered  in  their  pafTage  thro^  the  air,  as  the  fire  is 
in  its  pairage  thro’  the  water  ;  or  the  rays  of  light 
might  be  compared  to  corolive  fpirits,  which  tear 
and  lacerate  when  they  are  pure,  but  produce  an 
agreeable  fharpnefs  when  diluted  with  a  fufficient 
quantity  of  fome  other  fluid. 

The  matter  of  fire  driven  by  the  fun  upon  ter- 
reftrial  bodies,  modifies  them  differently  accord¬ 
ing  to  their  refpedlive  natures  ;  fome  it  eafily  puts 
and  preferves  in  a  ftate  of  fufion,  and  fuch  are  the 
particles  of  water,  which  originally  are  folid,  and 
owe  all  their  fluidity  to  the  a(fl:ion  of  the  matter 
of  fire  lodged  amongft  them  :  this  we  prove  hence, 
that  their  fluidity  remains  while  the  fun  deter¬ 
mines  a  fufficient  quantity  of  this  matter,  to  con¬ 
vey  his  a(5lion  upon  terreftrial  bodies;  but  in 
thofe  feafons  when  he.  only  fends  a  little,  fuch 
little  being  infufficient  to.  maintain  the  fufion  of 
thefe  particles,  they  relapfe  into  their  firfl  ftate  of 
immobility,  from  whence  they  recover,  prefent- 
ing  them  to  the  fire ;  or  which  arnounts  to  the 
fame ;  and  the  fun  begins  to  fhed  a  greater  quan¬ 
tity  of  the  matter  of  fire  upon  terreftrial  bo^ 
dies., 

From  what  has  been  faid,  we  learn,  ift,  that 
ice  is  only  a  reftoration  of  the  particles  of  water  into 
their  natural  ftate ;  2dly,  that  the  bare  abfence  of 
the  matter  of  fire  fuffices  to  effefit  this  reftoration ; 
and  3dly,  that  the  fluidity  of  v/ater  is  a  real  fufion 
like  that  of  metals  expofed  to  the  fire,  only  dif¬ 
fering  from  it  in  this,  that  metals  require  a  large 
quantity  of  particles  of  fire  to  liquify  and  fupport 
them  in  a  ftate  of  liquification,  whereas  the  parti¬ 
cles  of  water  feldom  receive  fo  little  fire,  as  to  al¬ 
low  them  to  refume  their  natural  folidity. 

Another  effeeft  of  the  matter  of  fire  ftied  upon 
terreftrial  bodies  is,  to  engage  itfelf  in  certain 

com- 
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compofitions  of  fait,  earth,  water,  together 
with  them  to  form  oils,  fats,  and  in  fine  alJ  iniiam- 
hble  bodies,  which  only  become  fuch  by  the  great 
quantity  of  particles  of  fire  lodged  in  them. 
What  leads  me  to  this  fentiment  is,  that  upon  de¬ 
compounding  thefe  bodies,  they  turn  intirely 
into  fait,  earth,  water,  and  a  fine  fubftance, 
which  paffes  thro*  the  clofeil  vefifels,  and  maugre 
all  the  care  of  the  beft  artifi:,  fpends  itfelf  in  fuffi- 
cient  quantity  to  produce  a  confiderable  diminu¬ 
tion  in  the  weight  of  what  remains. 

’Tis  certain,  that  fait,  earth  and  water,  whether 
united  together,  or  feparated,  never  become  in¬ 
flammable,  but  even  ufually  hinder,  or  retard  the 
inflammability  of  bodies,  which  naturally  havethat 
property  *,  it  may  even  be  afferted,  that  the  effect 
of  thefe  principles  in  the  compofition  of  inflam¬ 
mable  bodies,  is  only  to  flop  and  arrefl;  the  mat¬ 
ter  of  light  or  flame,  which  never  rifes  into  the 
air  under  this  form,  except  when  the  inflammable 
body  having  been  firfl:  expofed  to  the  fire,  that 
agent  has  broke  the  cells  thereof,  and  given 
room  for  the  inclofed  matter  to  fly  off. 

*Tis  the  real  matter  therefore  of  fire  or  flame, 
which  fteals  from  the  artift  in  the  analyfes  of  in¬ 
flammable  bodies,  all  that  remains  of  thofe  bo¬ 
dies  after  the  decompolition,  being  the  materials 
whereof  the  cells  were  formed,  in  which  this 
matter  was  retained  ;  it  will  be  eafily  allowed, 
that  this  matter,  when  free  and  left  to  itfelf,  mufl; 
pervade  the  clofeil  vcflels,  when  we  confider  that 
there  is  no  veflTel  but  what  the  fire  will  readily  pe¬ 
netrate,  fo  as  to  heat  a  fluid  contained  in  it ;  and 
as  to  the  caufe  of  inflammability,  experience 
fhewing  us,  that  filt,  earth,  and  water,  in  what¬ 
ever  circumflance  is  found,  never  becomes  inflam¬ 
mable  i 
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friable;  to  what  can  we  more  probably  attribute 
the  effect  abovementioned,  than  to  the  matter  of 
fire,  which,  as  already  proved,  forms  the  flame, 
and  gives  it  all  its  properties. 

Nor  need  we  be  furprifed,  that  calcined  me¬ 
tals,  and  all  bodies  in  general,  which  have  pro¬ 
cured  a  ftock  of  light  by  calcination,  do  not 
kindle  by  the  fire  as  oils  do  ;  for  to  make  a  body 
kindle  fo  as  to  be  perceived,  the  luminous  fub- 
ftance  iffuing  continually  from  it,  muff  be  copi¬ 
ous  enough,  and  form  a  mafs  fufficiently  firm  to 
prefs  the  matter  of  light  diff'ufed  thro’  the  air  vi- 
goroufly,  and  on  all  fldcs,  fo  that  the  particles  of 
this  matter  ffriking  each  other  fucceffively,  and 
according  to  the  direeft  determination  communi¬ 
cated  to  them,  do  hereby  tranfmit  the  prefflons  of 
the  flame,  to  a  diftance  greater  or  lefs;  but  when, 
only  little  particles  of  luminous  fubftance,  are 
diflufed  from  folid  bodies,  they  prefently  become 
fo  darkened  by  the  air  around  them,  as  to  be  dif- 
abled  from  making  preflions  efficacious,  and  ex¬ 
tended  enough,  to  become  fenfible  to  the  eye. 

Upon  the  whole  v/e  conceive,  that  the  matter^ 
of  light  lodged  in  inflammable  bodies,  expofed  to 
the  fires,  iffues  out  every  moment  in  much  greater 
quantity,  than  the  fame  matter  lodged  in  calcined 
metals;  whether  it  be  that  fuch  metals  contain 
lefs  of  this  matter  than  the  oils,  or  whether  having^ 
a  clofer  texture  of  parts,  they  do  not  allow  it  fo 
free  egrefs  ;  but  at  each  effort  of  the  agent  which 
obliges  them  to  let  go,  they  let  only  fmall  parcels 
exhale,  incable  of  fenfibly  affedting  the  eye. 

This  reafoning  perfedlly  agrees  with  a  known 
fadt,  which  is,  that  upon  expofing  very  inflam¬ 
mable  bodies, |as  paper  or  ftraw,  to  a  toolmallfirc, 
they  fometimes  confume  intirely  without  caffing 
any  flame,  by  rcafon  the  external  agent  being 

too 
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too  weak  to  expel  a  great  quantity  of  the  matter 
lodged  in  Ibmc  bodies  all  at  once,  this  whole 
matter  flies  off  fucceflive  in  little  invifible  portions^ 
anfwerable  to  the  force  wliich  procures  them  de¬ 
liverance. 

We  might  here  take  occafion  to  account  for  fe- 
veral  curious  pheenomena^  wherein  this  fyftem  of 
imprifoned  fire  perfedly  quadrates,  and  which 
are  even  fo  naturally  deducible  herefrom,  that 
each  phcBnomenon  feems  a  kind  of  proof  of  the 
truth  thereof.  How  precifely,  for  inftance,  does 
the  matter  of  light  feem  to  agree  with  the  phofphori^ 
both  natural  and  artificial  *,  and  to  thofe  violent 
fermentations  accompanied  with  flame,  which  the 
oyls  ufed  in  fuch  experiments,  are  obliged  to  ex¬ 
hale,  when  penetrated  by  nitrous,  or  vitriolic 
acids  ?  But  were  I  to  enter  into  a  precife  detail 
of  all  the  experiments  of  this  kind,  and  the  par¬ 
ticular  circumftances  which  accompany  each,  I 
fhould  go  far  beyond  the  bound  preferibed  for  this 
paper,  and  incroach  on  the  fubjed  of  future 
ones. 

I  fhall  only  here  obferve,  that  all  phofphori  in 
general  may  be  confidcred  as  a  kind  of  fpunges^ 
filled  with  the  matter  of  light,  which  is  fo  feebly 
retained  therein,  as  to  need  but  very  little  external 
help  to  become  capable  of  exhaling  under  a  lu¬ 
minous  form,  and  even  of  burning  and  fetting  on 
fire  fuch  bodies  as  come  in  its  way. 

It  follows  from  the  whole,  that  if  the  fun  feem 
to  be  a  kind  of  large  receptacle,  or  fund  of  the 
matter  of  fire,  we  have  an  infinite  number  of 
petty  receptacles  in  inflammable  bodies,  which  feem 
to  have  been  formed  to  fupply  the  want  of  the 
fun  ;  in  efFedt  the  prefence  of  fire  being  indifpen- 
fibly  neceflary  to  light  and  heat,  and  the  great 

lumi- 
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luminary  not  being  always  in  our  hemirphere, 
but  retiring  to  a  great  diftance  from  us  in  certain 
feafons,  or  which  amounts  to  the  fame,  only  de¬ 
termining  a  little  quantity  of  the  matter  of  light 
upon  terreftrial  bodies,  we  find  a  happy  fubfti- 
tute  in  the  bofom  of  the  earth,  whereby  to  remove 
all  the  evils,  into  which  the  abfence  or  diftance  of 
the  fun. would  unavoidably  throw  us ;  I  mean,  a 
fufficient  quantity  of  the  matter  of  light,  to  form 
a  fort  of  little  funs,  which  warm  and  illuminate 
as  well  as  the  great  one. 

XIII.  On  the  evaporation  of  fluids  in  cold 
weather^  with  remarks  on  jomt  ejfedls  of 
the  froftsy  by  M,  Gauteron,  of  the  royal 
academy  ^  Montpellier ;  tranflated  by  Mr . 
Chambers. 

We  ufually  confider  the  evaporation  of  fluids 
as  an  elfedf  of  the  heat,  or  motion  of  the  am¬ 
bient  air,^  and  it  will  appear  furprizing,  that  a 
quite  oppofite  caufe  fhould  produce  the  fame  ef- 
ktt ;  and  that  a  fxuid  Ihould  lofe  more  of  its 
parts  in  the  feverefl  frofl,  than  while  the  air  is 

in  a  temperate  fta’te. - Yet  this  is  what  I 

found  in  the  great  frofl  of  this  winter.  ' 

1  have  even  obferved,  that  the  greater  the  cold 
is,  the  greater  has  the  evaporation  been,  and  that 
ice  itfelf  loft  confiderably,  as  much  in  propor¬ 
tion  as  the  fluijds  which  withftood  the  frofl,  ^ 

It  began  to  freeze  at  MontfellieVy  on  the  12th 
of  December^  1 708,  the  wind  being  at  north, 
^  from  north-eafl,  and  the  common  thermome¬ 
ters  flanding  at  10^,  and  that  of  Amonton.s^s 
at  the  53^  :  At  6  o’clock  this  evening,  I  expofed 
an  ounce  of  common  water,  in  a  china  cup,  to 
be  froze,  which  was  done  accordingly  before 
VoL.  HI.  31.  Mm  morning. 
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morning,  and  weighing  it  at  8  a-clock  the  next 
day,  I  found  that  the  water  in  freezing  had  loft 
24  grains  of  its  weight.  This  diminution  was 
very  real,  fincc,  upon  melting  the  ice,  the  wa¬ 
ter  was  found  to  have  loft  12  grains  more,  not- 
withftanding  all  our  precaution  to  prevent  any  fc- 
cond  evaporation. - The  lame  experiment  re¬ 

peated  feveral  days  running,  gave  me  much  the 
lame  thing  *,  with  this  difference,  that  the  evapo¬ 
ration  was  much  greater  in  a  ftormy  night,  or 
when  the  wind  was  ftrong.' 

•  The  thaw  enfuing  thereon,  prevented  the  fur¬ 
ther  profecuting  of  my  experiments  ;  but  it  tak¬ 
ing  certainly  again  to  froft  on  the  night  between 
the  6th  and  7th  of  January^  1  took  occaffon  to 
make  the  following  ones. 

For  on  the  night  between  the  7th  and  8th,  I 
expofed  common  water,  brandy,  oil  of  olives, 
oil  of  wallnuts,  oil  of  turpentine,  and  mercury, 
an  ounce  of  each,  to  the  open  air,  the  common 
thermometer  ftanding  at  the  fecond  degree,  and 
that  of  M.  Amontons\  at  51° — 6  lin.  —  The  wa¬ 
ter  was  prefen tly  froze,  and  in  an  hour  loft  6 
grains ;  the  oil  of  wallnuts  loft  8  ;  and  the  brandy 
and  oil  of  turpentine  each  of  them  12,  in  the 
lame  I'pace  of  an  hour,  while  the  oil  of  olives 
and  the  mercury  feemed  rather  to  have  gained 
than  have  loft  their  weight.  Next  day  the  dimi¬ 
nution  of  the  frozen  water  was  found  36  grains  j 
that  of  the  oil  of  wallnuts,  which  did  not  freeze, 
40  grains ;  and  thole  of  the  brandy  and  oil  of 
turpentine,  which  alfo  withftood  the  froft,  54 
each  ;  the  mercury  and  oil  of  olives  remaining 
much  in  the  fame  ftate. 

’Tis  needlefs  to  note  the  evaporation  produced 
day  by  day  during  the  great  cold  *,  fince,  under 
equal  circumftances,  the  evaporation'  was  nearly 

•  *  -  .  •  the 
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the  fame  *,  but  a  vehement  cold  and  ftrong  winds, 
always  made  it  greater  than  a  lefs  cold  and  calm 
weather. 

’Tis  obfervable,  that  the  firmed:  ice  is  not  ex¬ 
empt  from  evaporation  in  a  fevere  cold ;  for  we 
find  it  loofe  36  grains  from  8  in  the  morning  to 
I  in  the  afternoon,  and  36  grains  more  from 
that  time  to  8  in  the  evening;  and  the  evapora¬ 
tion  in  the  night  was  much  a:  the  fame  rate  ;  fo 
that  the  ice  lod  100  grains  in  24  hours,  notwith- 
danding  its  feeming  firmnefs  and  folidity,  and 
this  at  a  time,  which  feemed  more  proper  to 
bind,  than  to  loofen  the  fmalled  of  its  parts. 

The  night  between  the  loth  and  i  ith  of  Jan, 
proved  the  colded  that  has  been  felt  in  this  coun¬ 
try,  the  liquor  in  the  common  thermometer  funk 
intirely  into  the  bowl  ;  and  that  of  M.  Amontoni*^ 
dood  at  51^ — I  lin.  which  is  almod  the  extreme 
cold  of  the  8th  climate  ;  in  effedr,  the  cold  was 
felt  very  pinching  in  the  warmed  houfes,  and  few 
people  could  deep  foundly  how  well  foever  they 

were  covered. - -  This  night  the  evaporation 

was  very  great,  the  common  water  lod  48  grains, 
the  oil  of  wallnuts  54,  and  the  oil  of  turpentine 
^nd  brandy  72. 

This  is  a  fhort  date  of  what  1  obferved  on  the 
evaporation  of  fluids  in  the  great  cold  :  my  re¬ 
marks  upon  frod  are, 

Fird,  That  the  furface  of  freezing  water  ap¬ 
pears  wrinkled  over,  and  that  thefe  wrinkles 
Ibmetimes  form  parallel  lines,  and  fometimes 
radii^  which  feem  to  go  from  the  centre  to  the 
circumference,  and  upon  freezing  it  in  a  cylinx 
drical  phial,  I  have  found  hollow  tubes,  forrned 
around  the  cylinder  from  top  to  bottorn,  and 
feeming  to  go  from  the  circumferent;:?  to  the 
centre. 


Mm2 
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Secondly,  That  water  covered  a-top  and  at  the 
fides  with  oil,  froze  about  half  an  hour  later  than 
the  water  expofed  naked  to  the  air,  and  in  freez¬ 
ing  formed  a  bunch  of  ice  about  an  inch  above 
the  furfaCe  of  the  oil. 

Thirdly,  That  oil  of  wallnuts  preferved  water 
from  a  moderate  froft,  which  oil  of  olives  had 
not  been  able  to  do. 

Fourthly,  That  hot  water,  ready  to  boil,  froze 
about  half  an  hour  later  than  cold. 

Fifthly,  That  brandy,  oil  of  wallnuts,  and  oil 
of  turpentine  did  not  freeze  at  all. 

Sixthly,  That  tho*  the  sky  was  very  clear  dur¬ 
ing  the  froft,  yet  the  fun  appeared  a  little  pale. 

Seventhly,  That  the  orange  and  olive  trees  loft 
their  leaves  and  branches,  and  moft  of  them  died 
to  the  very  root ;  and  what  is  more,  the  laurels, 
yews,  grannate  trees,  fig-trees,  jeftimines,  and 
fome  oaks  themfelves  underwent  the  fame  fate* 
The  Rhone  was  froze  1 2  feet  deep,  and  the  pond 
de  Thaii^  notwithftanding  its  natural  ftorminefs, 
and  its  communicating  with  the  fea,  by  a  very 
fhort  and  broad  canal,  was  fixed  from  end  to  end, 
and  feveral  perfons  went  from  the  baths  of  Ba- 
laruck  to  Sette  over  the  ice,  a  road  unknown  to 
our  forefathers,  and  which  perhaps  will  be  fo  to 
our  poftcrity. 

Eighthly,  That  the  thaw  on  the  23d  of  Jan . 
as  alfo  that  on  the  26th  of  Peb.  were  followed 
with  an  epidemical  catarrh,  which  fcarce  any 
body  efcaped. 

All  thefe  effedls  muft  have  arofe  from  the 
fame  caufe,  viz.  from  the  change  in  the  air  dur¬ 
ing  the  froft  —  My  fentiment  of  this  change  is  as 
follows. 

The  fun’s  rays  emitted  in' the  winter,  falling 
all  obliquely  on  the  furface  of  the  earth,  take  up 

more 
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more  room  thereon,  and  are  lefs  refle<5led  upon 
themfelves  ;  whence  it  follows,  that  the  earth 
mnft  be  lefs  heated  in  the  winter  time,  and  that 
the  ^etherial  matter,  mod  fufceptible  of  motion, 
will  recede  to  that  part  where  the  fun  is  moft 
perpendicular  to  the  earth,  leaving  fuch  setheriai 
matter  as  is  lead  difpofed  for  motion,  on  that 
part  of  the  earth  where  it  is  winter. 

Now  the  setherial  matter  is  commonly  allowed 
the  caufe  of  the  motion  of  fluids,  and  that  the 
air  of  itfelf  owes  its  motion  and  fluidity  to  the 
fame  f  hence  all  fluids  mud  remain  in  a  date  of 
difFnefs  or  condenfation,  when  this  matter  loofes- 
part  of  its  force ;  and  hence  the  air  itfelf  mud  be 
denfer  in  winter,  than  in  any  other  fealbn. 

But  we  likewife  find  by  feveral  experiments^ 
that  the  air  contains  a  fait,  which  is  fuppofed  to 
be  of  a  nature  approaching  that  of  nitre  *,  now 
this,  and  the  condenfation  of  the  air  being  fup¬ 
pofed,  I  fay,  that  the  molecules  of  this  nitrous 
fait  mud  be  brought  nearer,  and  confequently 
their  bulks  enlarged  upon  a  condenfation  of  the 
air  ;  as  on  the  contrary,  they  mud  be  divided  and 
further  attenuated  by  the  motion  of  that  fluids 
if  the  fame  thing  befal  all  fluids,  which  have  dif- 
folved  any  fait  that  is,  if  the  heat  of  the  fluid 
keep  the  fait  exadiy  divided,  and  the  coolnefs  of 
ice,  or  of  a  fubterraneous  place,  give  room  for 
the  particles  of  the  diflfolved  fait  to  gather  toge¬ 
ther  and  crydallize,  why  mud  the  air,  which  is 
capable  of  rarefadion  and  condenfation,  be  ex¬ 
empted  from  this  general  law  ? 

And  if  the  nitrous  particles  in  the  air  be  en¬ 
larged  in  a  great  cold,  as  cannot  eafily  be  denied, 
they  mud  of  confequence  have  a  lefs  fliare  of  ve¬ 
locity  ;  but  the  produd  of  their  maflfes  thus  aug¬ 
mented  by  the  velocity  remaining,  mud  dill  give 

them 
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them  a  greater  quantity  of  motion. - Nothing 

further  is  required  to  make  the  fait  a6l  more  for¬ 
cibly  againft  the  particles  of  the  fluid  *,  and  this 
I  apprehend  the  real  caufe  of  the  great  evapora¬ 
tion  they  undergo  in  cold  weather. 

Yet  this  aerial  nitre  cannot  hinder  a  fluid  from 
turning  into  ice,  but  on  the  contrary  mufl:  be  a 
means  of  promoting  the  ft  me  •,  for  it  is  not  the 
air  or ’the  nitre  contained  in  it,  but  the  aetherial 
matter  that  gives  fluids  their  motion,  and  confe- 
quently  ’tis  on  a  diminution  of  the  force  of  this 
latter,  tbat»the  lofs  or  diminution  of  the  motion 
pf  the  former  depends.  Now  the  aetherial  mat¬ 
ter,  befide  its  natural  feeblenefs  in  the  winter, 
mufl:  loofe  a  great  part  of  its  force,  by  ailing  a- 
gainfl;  the  condenfed  air,  which  is  further  replete 
with  large  molecules  of  fait ;  and  thus  mufl;  ne- 
ceflTarily  be  rendered  feeble  in  a  fevere  cold,  and 
by  no  means  in  a  condition  for  maintaining  the 
motion  of  fluids ;  in  a  word,  we  may  confider 
the  air  in  frofty  weather,  as  that  ice  charged  with 
fait,  commonly  ufed  for  the  freezing  of  certain 
liquors  in  fummer.  Thefe  liquors  probably  freeze 
by  a  diminution  of  the  motion  of  the  aetherial 
matter,  v/hich  acting  againft  the  ice,  and  the  fait 
mixed  together,  the  air,  with  ail  its  heat,  cannot 
hinder  the  concretion. 

It  may  perhaps  be  urged,  that  fluids  contain 
particles  of  air,  v/hich,  according  to  M.  Ma¬ 
rion  obfervations,  are  in  a  ftate  of  compreflion 
lo  times  greater  than  in  the  open  atmofphere  \ 
that  the  fprings  of  the  air  thus  compreft'ed,  un¬ 
bend  them  fel'ves/in  the  froft  by  a  diminution  of 
the  motion  of  the  fluid  ;  and  that  ’tis  to  the  explo- 
fion  oi  thefe  fprings,  that  the  evaporation  of  the 
particles  of  fluids  in  the  froft  arc  owing. 


Now 
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Now  I  allow,  that  fluids  contain  a  great  deal 
of  air  *,  that  this  air  is  more  comprefTed  in  the 
fluids  than  in  the  open  air;  that  the  froft  gives 
occafion  for  its  fprings  to  unbend  themfelves ;  and 
that  thefe  fprings  unbend  with  the  more  force,  on 
account  of  the  compreffion  they  arc  in,  and  what 
is  more,  that  this  unbending  of  the  fprings  of  the 
air  is  the  caufe  of  the  lightnefs  and  rarefadlion  of 
ice,  as  well  as  of  the  bubbles  and  tubules  men¬ 
tioned  in  my  obfervations ;  but  I  cannot  allows 
that  the  adlion  of  thefe  fprings  is  the  caufe  of  eva¬ 
poration,  when  I  confider  that  both  the  fluids 
which  freeze,  and  fuch  as  withftand  the  froll,  un¬ 
dergo  an  evaporation  proportional  to  the  tenuity 
of  their  parts,  and  that  ice,  feveral  days  old,; 
loofes  full  as  much  as  water  jufl  beginning  to 
freeze.  In  fluids  which  do  not  freeze,  the  un¬ 
bendings  of  the  fprings  of  air  cannot  be  very 
confiderable ;  and  in  ice,  formed  many  days, 
thofe  fprings  muft  have  had  their,  full  play,  and 
now  left  incapable  of  any  further  adtion. 

It  has  been  obferved,  that  when  the  ice  begins 
to  form,  its  furface  is  full  of  wrinkles,  which 
are  fometimes  difpofed  in  parallel  lines,  and 
fometimes  after  the  manner  oS.  radii ^  under  which 
furface  is  a  multitude  of  little  frozen  particles,  in 
form  of  needles,  or  rather  of  funnels,  whofe 
fmall  end  is  turned  to  the  furface  of  the  water. 
Thefe  funnels  are  eafily  perceived  in  a  cylindri¬ 
cal  phial,  when  the  liquor  contained  in  it  is  in- 
tirely  froze. 

*  Now  this  difpofition  of  the  ice  thus  beginning 
to  be  formed,  is  favourable  to  the  contained  air’s 
efcaping  out  upon  the  fpring’s  beginning  to  un¬ 
bend,  and  feems  at  the  fame  time  to  prohibit 
the  entrance  of  the  external  air,  which  might 
otherwife  take  its  place.  Thus  the  air. which  re- 
I  mains 
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mains  in  the  freezing  water,  muft  dilate  with  the 
more  freedom,  as  being  no  longer  compreifed 
by  the  external  air  ;  and  hence  probably  arife 
the  levity  and  rarefadlion  of  ice,  but  not  the  eva¬ 
poration  of  its  particles. 

It  would  be  tedious  to  enter  into  an  explication 
of  all  I  have  obferved  upon  ice  *,  befides,  that  it 
may  eafily  be  deduced  from  the  principals  al¬ 
ready  laid  down.  From  hence,  for  inftance,  it 
appears,  that  the  particles  of  oil  of  olives  are 
more  ramofe  than  thofe  of  oil  ot  wallnuts ; 
and  that  ’cis  owing  to  thefe  branches,  which  lock 
the  parts  faft  together,  that  the  aerial  nitre  is  not 
able  to  carry  them  off-,  that  the  particles  of  wall- 
nuts  are  more  grofs,  though  lefs  branchy,  than 
thofe  of  oil  of  olives ;  and  that  it  arifes  hence, 
that  the  former  is  heavier,  and  dries  quicker 
than  the  latter;  and  further^  that  the  particles  of 
the  oil  of  wallnuts  muft  be  fmoother,  and  more 
fiippery,  and  only  touch  in  a  few  points  of  their 
furface ;  whence  it  is,  that  the  aetherial  matter, 
with  all  its  weaknefs,  can  eafily  move  them,  and 
hinder  the  oil  from  freezing  *,  and  hence  it  is, 
thofe  particles  are  not  firm  enough  to  refift  the 
impiilfe  of  the  aerial  nitre,  which  carries  them  off; 
hence  alfo  appears  that  the  tenuity  of  the  particles 
of  brandy  and  oil  of  turpentine,  favours  their 
fluidity  and  evaporation  ;  as  for  the  heavy  and 
globular  particles  of  mercury,  it  appears,  that 
fome  more  powerful  agent,  than  the  nitre  of  the 
air,  is  required  to  feparate  them  from  their  mafs. 

Since  the  setherial  matter  ftill  maintains  the 
fluidity  of  oil  of  wallnuts,  ’cis  no  wonder,  that 
the  water  covered  with  it,  fhould  withftand  the 
froft  ;  oil  of  wallnuts,  on  this  occafion,  doing  the 
office  of  a  kind  of  fikre,  and  giving  entrance  to 
a  quantity  of  this  matter,  fufficient  to  maintain 

iho 
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the  fluidity  of  water  ;  and  if  oil  of  olives  likewifc 
defend  water  a  little  while  from  the  froft,  ’tis  by 
reafon  this  oil,  which  only  condenfes  by  the  cold, 
contains  a  little  of  the  cCtherial  matter  in  iti 
branches,  by  means  whereof  the  water  thus  co¬ 
vered  with  oil  of  olives,  is‘  able  to  fuftain  the  cold 
longer,  than  if  entirely  deftituce  of  that  afllftance  ; 
and  if  hot  water  freeze  half  an  hour  later  than 
Cold,  *tis  by  reafon  fome  time  is  fpent  in  laying 
afide  the  nlotion  which  the  fire  had  given  it ; 
and  as  to  the  palenefs  of  the  fun  in  a  fevere  frofl:, 
who  does  not  perceive,  that  the  condenfation  of 
the  air,  and  the  groffnefs  of  the  nitrous  particles 
Contained  in  it,  muft:  refleft  abundance  of  its  rays,  ~ 
and  prevent  their  penetrating  to  us.  Lafliy,  if 
a  kind  of  gangreen  appear  on  the  frozen  parts  of 
trees  and  other  plants,  is  not  this  owing  to  a  cor- 
fofive  fait,  corrupting  the  texture  thereof?  The 
felatidn  is  fo  near  between  this  gangreen,  and 
that  which  befalls  the  parts  of  animals,  that  their 
caufe  muft  be  near  a-kin;  corofive  humours  burni 
the  parts  of  animals,  and  the  aerial  nitre  has  the 
fame  efied  on  the  parts  of  plants  penetrabilefrigus 
adurit. 

I  fiiaJl  clofe  this  memoir  with  fome  reflections 
upon  the  epidemical  catarrh,  which  fucceeded 
the  thaws  of  the  23d  of  Jan.  and  the  26th  of 

Feb,  - So  many  peffons  were  feized  with  it  all 

at  once,  that  it  can  be  owing  to  nothing  lefs  than 
fome  general  caufe,  which  aCted  at  the  fame  time 
upon  all  men.  This  caufe  We  find  in  the  air  re- 
fpired  after  the  thaw,  whofe  nitre  having  been 
much  divided,  was  now  reftored  to  its  natural 
form  :  to  explain  myfelf. 

The  air  conveyed  into  the  lungs  by  the  tra* 
chea,  fills  the  veficles,  whereof  that  vifeus  is  com- 
pofed  *,  and  tho’  the  blood  do  not- enter  into  thefe 
VoL.  III.  N°.  31.  N  n  veficles 
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veficles,  excepting  a  preternatural  cafe ;  yet  the 
blood  in  the  pulmonary  vein,  being  found  more 
brifk  and  florid,  than  that  in  the  artery,  fhews, 
that  it  has  undergone  a  confiderable  change  from 
the  air  in  refpiration.  Hence,  as  the  air  has  no  im¬ 
mediate  adion  upon  the  blood,  we  may  fuppofe, 
that  the  texture  of  the  veficles  of  the  lungs  does 
the  office  of  a  kind  of  fillre,  by  feparating  the 
nitrous  part  of  the  air  ;  and  that  ’cis  this  nitrous 
part  to  which  the  florid  lively  ftate  of  the  blood 
in  the  pulmonary  vein  is  owing,  if  now  the  ni¬ 
trous  particles  in  the  air  happen  to  be  grofler  than 
ufual,  as  we  have  fliewn  mufl:  be  the  cafe  in  a 
fevere  cold,  their  proportion  will  be  changed  with 
refped  to  the  filtre,  which  is  to  feparate  them  j 
and  hence  only  a  fmall  quatitiry  will  enter  the 
blood,  which,  together  with  the  external  cold, 
will  occafion  that  fluid  to  remain  in  a  flare  of  in- 
adivity,  during  which  the  paflfages  of  perfpira- 
tion  being  flopped,  the  blood  mufl  retain  nioft 
of  its  ferous  and  lymphatick  part,  which  will  re¬ 
main  inclofed  in  its  fulphurous  ones,  and  only 
CO  be  extricated  threfrom  by  a  general  lique- 
fadion.  This  liquefadion  of  the  humours  mufl 
happen  upon  a  thaw  *,  for  the  nitre  on  this  occa¬ 
fion  dividing  into  little  molecules,  a  great  quan¬ 
tify  of  this  Tilt  mufl  mix  haftily  with  the  blood, 
and  animating  it,  excite  a  fermentation,  wffiich 
fuffices  to  make  an  inftant  leparation  of  a  large 
quantity  of  lymph  anti  ferum,  which  being  thrown 
upon  all  the  glands  of  the  body,  produces  a  head- 
ach,  naufea,  floppage  of  the  nofe,  cough,  crudi¬ 
ty,  and  abundance  of  urine,  wearinefs,  and  fome- 
times  a  little  feveriffinefs. 

The  catarrh  above  deferibed  is  very  different 
from  what  happens  in  a  violent  cold  ;  in  this 
latter,  the  humours  circulate  with  difficulty  *,  and 
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by  their  thickening,  occafion  fome  ferous  parts 
to  be  feparated  from  them-,  whence  the  hoarfenefs 
and  cough,  which  are  frequently  accompanied 
with  an  involuntary  weeping,  by  reafon  of  the 
lachrymal  points,  which  are  flopped  by  the  thick¬ 
ening  of  the  mucus  in  the  nofe. - 

Accordingly  the  two  catarrhs  are  to  be 
treated  after  a  very  different  manner  thofe  from 
cold,  are  cured  by  remedies,  which  reftore  the 
humours  to  their  fluidity  *,  and  where. there  is  a 
ftoppage  of  the  head,  the  readieft  rernedy  I  know 
is,  the  perfume  of  amber,  which  doubtlefs  a6ls  by 
the  quantity  of  volatils  fait,  and  fulphur,  con¬ 
tained  therein  ;  wine  and  brandy  burnt  with  fugar, 
and  tea,  coffee,  and  chocolate,  are  proper  for  the 
fame  reafon ;  feyer.al  violent  and  very  obftinate 
colds  I  alfo  knew  cured  that  winter  with  chicken 
broth,  wherein  an  punce  of  fnakes  flefh  dried, 
with  a  handful  of  creffes  had  been  boiled  about  % 
of  an  hour. 

As  to  catarrhs  caught  in  the  thaw,  care  muff 
be  taken  to  prevent  the  too  great  diffolution  of  the 
humours,  by  boiled  emulfions,  rice-milk,  w^ater- 
gruel,  barley-water,  and  yolks  of  eggs,  with  fu- 
gar-candy,  whey,  and  milk  itfelf *,  narcotics,  and 
phlebotomy,  are  proper  in  either  kind  of  catarrh  ; 
and  efpecially  where  the  patient  is  harraffed  with 
a  cough,  or  any  inflammation  of  the  breaft  is  ap-r 
prehended. 

XIV.  The  variation  of  the  n^^edle 

berg,  by  M.  Wurtzelbaur. 

M.  Wurtzelbaur  finds  the  variation  of  the  nee-» 
die  at  Nuremberg^  to  be  near  ii  degrees;  and 
obferves,  that  it  has  not  increafed  fince  the  year 

N  n  2  17031 
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1703,  when  he  obferved  it  alfo  to  be  i;  de¬ 
grees. 


XV.  A  compart  foil  of  the  obfervation  of  the 
eclip/e  of  the  mooriy  Sept.  29,  1708,  made 
at  Nuremberg,  Genoa,  and  Marfeilles, 
by  M>  Caflini  the  fon*. 


fi  r  ir 

8  43  36 

8  33  49 
8  20  45 

o  9  47 
O  22  51 

IX  6  34 

10  57  21 
10  41  26 
o  9  13 

o  25  8 


Beginning  of  the  eclipfe  at  Nurem- 
berg.  ^ 

Beginning  of  the  eclipfe  at  Genoa. 

Beginning  of  the  eclipfe  at  Mar^ 
feilles. 

PifFerence  of  the  rneridians  between 
Genoa  and  Nuremberg. 

PifFerence  of  the  meridians  between 
Mar  feilles  and  Nuremberg, 

End  of  the  eclipfe  at  Nuremberg. 

At  Genoa. 

At  Marfeilles. 

Difference  of  the  meridians  betweer^ . 
Genoa  and  Nuremberg. 

Difference  of  the  meridians  between 
Marfeilles  and  Nuremberg. 


XVI.  RefeBions  on  the  obfervations  of  the 
eclipfe  of  the  fun^  March  ii,  1709,  made 
.  in  different  countrieSy  by  M.  Caffini  the 
fon^. 

h  /  n 

ifit  Montpellier  the  end  of  the  eclipfe 
was  obferved  exadlly  at  2  55  49 

We  find  by  the  figure  drawn  up 
for  the  meridian  of  Parisy  that  it  muft 
have  happened  there  at  '  '  2  49  30 

•  March  2,  1709.  f  April  17,  1709. 

'  Which 
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Which  gives  the  difference  of  the  ^ 

meridians  O  6  19 

At  Genoa  the  beginning  of  the 
eclipfe  was  obferved  exa<5bly  at  o  59  52 

It  muft  have  happened  by  the  fi¬ 
gure  at  o  34  o 

Which  gives  the  difference  of  the 
meridians  o  25  52 

At  Bolonia  the  end  was  obferved 
with  fome  ambiguity  at  3  34  35 

It  muft  have  happened  by  the  fi¬ 
gure  at  2  58  40 

Which  gives  the  difference  of  the 
meridians  ®  35  55 
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AB  R I D  G  M  ENT 

OF  THE 

Philosophical  Discoveries  and  Ob- 
SERvATioNS  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Paris,  for  the  Year  1710: 

I.  On  the  progreJfiv.e  motion  of  feveral  fpecies 

of f.ellfijhes. 

ALtho’  animals  in  general  have  an  indifpen- 
fable  occafion  for  the  progreffive  motion,' 
either  to  feek  for  food,  or  for  the  males  and  fe¬ 
males  to  meet  together  •,  yet  many  of  them  feem 
incapable  of  it  meerJy  by  their  figure  ;  of  this  fort: 
are  feveral  fpecies  of  fhell-fifhes  j  and  therefore 
M.  de  Reaumur  has  obferved  them  with  a  great 
deal  of  care,  for  they  might  walk  in  fecret ;  and 
an  external  adlion  is  often  as  difficult  to  difcover,- 
as  the  internal  ftruffure  of  a  parr. 

The  late  M.  PouparP  had  obferved^  that  the? 
river-mufcles  being  laid  upon  the  flat  of  their 
fhells,  thru'fl  out  at  pleafure  a  part,  which  on  ac- 
colint  of  its  ufe,  may  be  called  a  leg  of  an  arm, 
that  they  made  ufe  of  it  to  hollow  the  fand  under 
them,  and  confequently  to  fink  foftly  on  one  fide; 
fo  as  to  be  found  at  lafl:  upon  the  edge  of  their 
fhell  *,  after  which,  they  advanced  this  arm  as  far 
as  poffible,  and  then  refled  upon  its  extremity 
to  draw  their  fhell  to  them,  and  fo  to  trail  them- 
felves  in  a  fort  of  groove  which  they  themfelves 
formed  in  the  fand,  and  which  fuflained  the  fhell 
*  VoL  II.  p.  376,  of  this  abridgment. 

VoL.  IH.  N"".  32.  Oo  m 
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on  both  Tides.  In  looking  at  a  mufcle,  we  (hould 
not  guefs  at  this  expedient,  this  mechanical  re- 
Tource. 

M.  de  Reaumur  has  Teen  a  like  motion  in  the 
Tea-mufcles,  what  may  be  called  their  leg  or  their 
arm,  and  which  in  its  natural  Hate  is  2  lines  long, 
may  come  2  inches  out  of  the  fliell  j  and  the  ani¬ 
mal  having  feized  upon  Tome  fixed  point  with  this 
arm  To  extended,  contracfls  it  afterwards^  and  con- 
fequently  advances  by  trailing. 

By  an  almoft  fimilar  mechanifm,  which  M.  de 
Reaumur  has  been  very  minute  in  deferibing, 
the  chama^  or  purr^  another  fort  of  fhell-fifh, 
walks  upon  the  mud,  or  plunges  into  it.  But  he 
has  obferved,  that  if  it  plunges  therein,  it  is  no 
farther  than  is  admitted  by  the  length  of  two 
horns,  or  tubes,  which  it  can  pufh  cut  of  its 
fhcl),  and  with  which  it  takes  in^  and  throws  out 
the  water,  which  in  all  probability  it  Hands  in 
need  of'for  its  refpiration.  Thefe  horns  muH  al¬ 
ways  be  able  to  communicate  with  the  water  that 
is  above  it,  and  thence  it  happens,  that  even 
when  it  does  not  make  life  of  them,  for  they  are 
not  always  in  acHion,  there  is  in  the  mud  which 
covers  it,  one  or  two  little  holes  of  the  diameter 
of  its  horns,  which  difeovers  it. 

The  length  of  thefe  horns  in  the  other  Hiell- 
fifhes,  determines  alfo  the  depth  to  which  they 
fink  in  the  mud. 

The  patella^  lep as  ox  limpet^  which  is  an  univalve 
Hicll-fifli,  always  faHened  to  a  Hone  upon  which 
the  lower  circumference  of  the  Hiell  may  be  ex- 
a6fly  applied.  Teems  to  have  no  other  motion 
than  the  raifing  of  this  Hiell  the  height  of  a  line. 
To  that  its  body  may  liave  a.  circumference  of  this 
magnitude,  uncovered  and  naked.  As  foon  as 
one  touches  it,  the  fhell  fails  and  covers  it.  But 
1  vet 
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yet  M.  de  Reaumur  has  found  in  this  animal,  a 
progrelTive  motion  upon  the  ftone  to  which  it 
ilicks. 

The  fea-nettle,  which  has  the  figure  of  a 
truncated  cone,  is  in  like  manner  always  ap¬ 
plied  to  a  ftone,  by  the  greateft  bafe  of  this  cone. 
Some  circular  mufcles  form  the  plane  of  the  two 
bafes,  and  fome  ftrait  mufclcs  go  from  one  bafe 
to  the  other.  The  whole  play  of  the  progrefllve 
motion  confifts  in  general  in  this,  that  one  half 
of  the  mufcles  both  ftrait  and  circular,  on  that 
fide  to  which  the  animal  would  go,  fwells  and 
extends  itfelf,  and  confequently  occupies  a  fmall 
part  of  a  new  place,  whilft  the  other  half  finks, 
and  is  drawn  by  that  which  advances,  or  pufhes. 
it  the  fame  way.  This  motion  is  no  more  quick, 
nor  more  fenfible  than  that  of  the  hand  of  a 
clock. 

There  is  another  fea-nettle,  which  faftens  itfelf 
to  nothing,  and  is  the  moft  odd  of  all  animals  with 
regard  to  its  figure  ;  and  is  the  moft  fingular  in 
the  thinnefs  of  its  confiftence,  for  it  melts  in  one’s  , 
hands.  It  would  not  be  reckoned  in  the  number 
of  animals,  if  we  did  not  fee  in  it  a  motion  of  fy~ 
ftole  and  diajiole^  the  only  fign  of  life  that  it 
gives. 

In  the  laft  place,  the  fea-ftar  with  its  304  legs 
to  each  of  the  5  rays  of  which  it  is  compofed, 
goes  never  the  fafter.  Its  1520  legs  give  it  no 
advantage  over  the  mufcle,  which  has  but  one. 
What  a  prodigious  variety  is  there  in  the  works 
of  nature !  not  only  the  great  quicknefs  of  the 
motion,  but  even  the  extreme  flownefs  is  executed 
;ifter  different  manners. 
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An  CiCplanation  cf  the  figures. 

’Plate  IV,  fig.  I.  a  lea-mufcle  opened  after  the 
natural  mauner. 

L  its  leg. 

Fig,  2.  a  fea-mufcle  gaping,  and  putting  forth 
its  leg. 

Fig.  g.  a  cl?ama  or  purr  opened,  to  fhew  the 
parts  ferving  for  the  progrefTive  motion. 

S  the  vertex  of  the  fliell. 

M  M  two  mufcles,  which  are  cut  thra*. 

I  the  leg,  placed  in  the  middle  of  the  fliell, 
proceding  trom  the  vertex'  Its  whole  extremity 
I  is  ftrait  and  fharp,  it  is  only  rounded  over- 
againft  the  2  flefliy  tubes  marked  CC;  whereas, 
on  the  other  fide  it  advances  a  little,  and  forms  a 
fort  of  blunted  point  marked  P.  ' 

O  O  the  inner  aperture  of  the  tubes  C  C. 

Fig.  4.  a  purr  embracing  the  mud  with  its  leg 
RCOr. 

Fig.  ^.  A prolonging  the  horns  or  tubes 
C  C,  to  draw  in  the  water.  '  . ' 

S  the  vertex. 

B  B  B  the  bafe. 

S  B  the  breadth. 

■  L  L  the  length. 

Fig.  6.  a  fort  of  fhell-fifli  found  on  the  coafts 
of  Poitou^  Aunis^  and  Saintonge^  and  there  called 
palourde.  It  is  different  from  the  chama  peloris^ 
and  from  the  pelorde  of  the  coafts  of  Provence. 

C  C  the  two  horns  or  tubes. 

Fig.  7.  z  palourde 

O  the  interior  aperture  of  that  horn  which  is 
fartheft  from  the  vertex. 

I  the  leg. 

Fig.  8.  a  fort  of  fliell-fifh  found  on  the  coafts 
of  Poitou  and  Aunis.,  where  it  is  called  fourdon. 

C  C  the  horns  or  tubes. 
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pig.  9.  a  four  don  opened. 

X  a  part  refembling  a  leg. 

'  F  the  foot. 

T  the  heel. 

Fig.  lo.  a  four  don.,  with  the  leg,  foot,  and 
heel  thruft  out  for  walking. 

Fig.  1 1 .  a  tellina  opened  fo  as  fliew  the  leg. 

Fig.  12.  a  tellina  with  the  leg  thruft  forth, 
ready  to  open  a  way  in  the  fand. 

S  the  vertex. 

C  C  the  horns  or  tubes. 

Fig.  13.  a  tellina  bending  its  leg  to  raife  kfelf. 

Fig.  14.  another  fpecies  of  tellina-  opened. 

I  the  leg. 

C  C  the  horns  or  tubes. 

Fig.  1 5.  a  tellina.,  with  its  leg  thruft  forth, 
ready  to  enter  the  fand. 

A  A  the  bounds  of  growth,  marked  fo  di- 
ftindly  on  the  Ihell,  that  they  look  like  fmall 
pieces  ftuck  upon  larger. 

'  C  C  the  horns  or  tubes. 

I  the  leg. 

Fig.  16.  the  fhell  of  a  limpet  faftened  to  a 
flone. 

Fig.  1 7.  the  animal  taken  out  of  the  Ihell. 

AAA,  i^c.  that  part  of  the  animal' which  is 
uncovered  by  the  ftiell. 

T  the  head. 

C  C  two  little  horns  benMowards  it. 

P  a  thick  flefhy  part  in  the  middle  of  the 
opening  of  the  fhell,  which  it  makes  ufe  of  for 
its  progrefTive  motion. 

Fig.  18.  2i  {vc\d\\  whelk.,  in  which  the  organ  of 
progreflion,  or  leg,  is  like  that  of  a  fnaik 

E  the  leg. 

C  the  lid  with  which  it  fhuts  its  fhell. 
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P  the  part  which  it  puts  upon  its  head,  when 
it  draws  its  leg  into  the  fhell. 

Fig,  19.  the  canceUus,^  called  in  Englijh^  the 
wrong  heir,^  or  Bernard  the  hermit.  ^  It  is  a  fea- 
animal  without  any  fhell  of  hs  own,  which  lodges 
in  the  fhells  of  whelks^  and  other  turbinated  fhell- 
fifhes. 

DG  its  claws,  like  thofe  of  crabs  and  lob- 
fters. 

Fig.'io,  III  three  little  bodies  near  its  thorax.^ 
with  which  it  fattens  itfelf  to  the  fhell. 

AO  is  that  part  of  the  animal,  which  is  co¬ 
vered  only  wkh  a  thin  fkin,  the  reft:  having  a 
fofter  fhell  than  that  of  cray-fifhes. 

Fig,  21,  a  fea-nettle. 

,  A  a  part  of  the  fea- nettle,  reprefented  in  this 
and  the  two  following  figures,  refembling  the 
vent  of  a  large  beaft,  on  which  account  thefe  ani- 
fnals'are  called,  by  the  common  people  in  France^ 
cuts  de  chevaux^  culs  d^anes, 

B  B  the  bafe  which  does  not  appear  in  this 
figure,  becaufe  the  animal  retts  upon  it  *,  but  it 
may  be  feen  dittindly  in  fig.  24. 

Fig.  21.  a  fea-nettle  with  all  its  horns  ex¬ 
tended. 

Fig.  2^..  another  fear  nettle. 

AIIFBD  a  fpace  where  only  the  ttrait  canals 
appear. 

AC  IF  R  A  a  fpace  where  only  the  circular 
canals  appear. 

•  I  F  T  O  a  fpace  where  the  ttrait  canals  partly 
appear,  the  circular  canals  being  but  partly 
fwoln. 

C  O  T  R  a.  fpace  where  the  circular  canals  are 
fwoln. 

Fig,  24,  a  fea-nettle  re verfed,  to  fhew  its  bafe. 
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Fi^,  25.  the  mouth  revcrfcd. 

CC  the  circumference  where  the  horns  are 
faftened. 

0000  the  circumference  of  the  mouth  rc- 
verfed. 

It  is  by  this  mouth,  that  the  animal  takes  in  its 
food,  and  excludes  its  young. 

1  a  little  fort  of  inteftine  turned  fpirally. 

Plate  V.  fg.  27.  another  fort  of  iea-netde 
called  fea-blubber,  or  fea-gelly. 

D  D  the  circumference  or  bafe. 

C  D  the  grand  refervoirs  or  canals. 

The  circular  circumferences  DDD,  ^ r.  EFEF, 
receive  the  water  only  by  the  portion  ED  of 
the  canals  D ;  whereas  the  band  CCCC, 
EFEF,  the  thicknefs  of  which  increafes  gra¬ 
dually  EFEF,  to  CCCC,  receives  the 
water  from  16  canals  marked  CE  and  CF. 

B  B  B  B  four  columns,  which  divide  the  fea- 
nettle  as  it  were  into  4  parts. 

T  a  trunk,  in  which  the  4  columns  are  united, 

R  R,  ithe  trunk  divided  into  8  branches. 

P  P  an  appendage  to  one  of  thefe  branches. 

L  a  fmall  part  of  the  canal  left  between  the 
apertures  of  the  columns. 

Fig,  28.  reprefents  fome  of  thefe  parts  more  at 
large. 

T  the  trunk  of  the  canal. 

R  R,  ^c,  the  branches  into  which  the  trunk 
is  divided. 

O  O,  the  apertures  of  each  of  thefe 

branches. 

Fig,  29.  a  fca-ftar. 

RR  one  of  its  rays  laid  open. 

B  B  two  rows  of  tranfparent  bodies  like  pearls. 

Fig,  30.  another  fea-ftar  reverfed,  creeping  un¬ 
der  a  (lone. 

A  A 
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A  A  in  thefe  two  rays  the  ends  of  the  legs  ap¬ 
pear. 

S  the  mouth  or  fucker. 

D  D,  five  teeth  about  the  fucker. 

Fig.  31.  an  end  of  a  ray  magnified. 

C  C  C  bundles  of  cubes. 

R  R  R  the  fkin. 

4 

II.  Of  the  glafs-ware  ^'India. 

M.  de  la  Hire  has  been  informed  by  a  memoir 
that  has  been  fent  him  from  Pondicheryy  in  the 
Indies.,  by  F.  Fachard.,  a  mifiionary  jefuic  in 
1709,  that  the  glafs-ware  of  India.,  ^  which  is  not 
fo  fine  as  that  of  China.,  or  Japan,  is  made  of 
the  gum  of  a.  tree  of  the  colour  of  white  amber, 
or  karabe,  which  they  melt  in  two  quarts  of  lin- 
fecd  oil. 

III.  PJ  a  fort  of  acorn  from  Coromandel; 

M.  de  la  Mare,  a  fea-officer,  having  brought 
from  the  EaftHndies,  Brazil,  and  Peru  fevetaf 
forts  of  drugs^  gave  them  to  M.  Sauveur,  who 
the  wed  them  to  the  academy.  M.  Geoffrey  took 
upon  himfelf  the  examination  of  them.  They 
were  roots,  feeds,  woods,  (tones,  ^c.  He 
compared  thefe  drugs,  as  he  faw  them  himfelf,' 
and  what  was  (aid  of  them  in  the  memoirs  of  M. 
de  la  Marc,  with  what  was  faid  of  them  by  the“ 
authors,  who  have  treated  of  thefe  fubjedls,,  and 
by  that  he  endeavoured  to  find  out,  if  what  he 
had  before  him  was  what  thofc  authors  have  de- 
feribed.  We  (hall  fupprefs  the  principal  part  of 
this  work,  altho’  inquired  into  with  a  great  deal 
of  care,  being  only  mere  erudition,-  and  we  (hall 
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only  take  from  it  here,  and  in  fome  other  places 
what  belongs  to  philofophy. 

There  is  on  the  coaft  of  Coromandel^  a  tree 
pretty  much  like  our  oaks,  which  bears  a  fort  of 
acorn,  out  of  which  they  draw  an  oik  Oil 
of  olives.  The  Malabars  make  ufe  of  it  in  their 
food,  for  burning,  and  to  colour  their  lirinen,  M, 
de  la  Mare^  by  their  example  eat  of  It  in  fallads, 
and  fifh  fried  with  it  ;  and  he  had  taught  all 
the  other  officers  of  the  coafl:  to  eat  it,  who  found 
it  to  be  very  good. 

IV,  Of  the  virtues  of  a  nut  called  Bicuibui. 

The  nuts  called  hicuiha  burn  like  cloth  foaked 
in  pitch,  and  it  is  in  burning  that  they  extra6l.  the 
oil,  as  M.  de  la  Mar ehsxs  tried  at  M.  Boudmh^ 
firft  phyfician  to  the  late  Dauphinefs.  M.  Jean 
Verdois^  conful  of  the  French  nation  affirms,  that 
be  has  cured  many  cancers  with  this  oil,  and  that 
by  eating  one  of  tliefe  nuts,  the  colick  is  eafed. 

V.  Of  a  voofnan  delivered  of  a  child ^  when 

above  80  years  of  age. 

The  late  biffiop  of  Sees  Has  affirmed,  that  a 
man  in  his  diocefe,  whom  he  knew,  beii?g  94 
years  of  age,  had  married  a  woman  of  83,  who 
in  due  time  was  delivered  of  a  boy. 

VI.  Of  the  fatal  effebi  of  fome  vapours  in  a 

baker  s  cellar. 

A  baker  of  Chartres  had  put  into  his  cellar, 
which  was  36  fteps  deep,  and  well  vaulted,  7  or 
8  tubs  of  embers  out  of  his  oven.  His  fon,  a 
ftrong  and  robuft  young  man,  going  to  carry 
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fome  more  embers,  with  a  candle  in  his  hand,  the 
candle  went  out  half  way  the  flairs,  he  came  up, 
lighted  it  and  went  down  again.  When  he  was 
:^t  the  bottom  of  the  cellar,  he  cried  out  for  help, 
after  which  they  heard  no  more  of  him.  His 
brother,  as  flrong  as  he,  went  down  quickly, 
"cried  in  the  fame  manner,  and  then  ceafed.  His 
wife  went  down  after  him,  and  a  maid  fervant 
after  her,  and  it  was  flill  the  fame  thing.  So 
llrange  an  ‘accident  alarmed  the  whole  neigh¬ 
bourhood  *,  but  no  body  was  in  hafle  to  go  down 
into  the  cellar.  There  was  only  one  neighbour, 
more  zealous  and  bold,  who  not  believing  that 
thefe  four  perfons  were  dead,  went  down  to  give 
them  his  hand,  and  help  them  out.  He  cried 
out,  and  they  faw  no  more  of  him.  A  pafTen- 
*ger,  a  very  vigorous  man,  afked  for  a  hook  to 
draw  fome  of  the  people  out  of  the  cellar,  with¬ 
out  going  down  to  the  bottom,  he  threw  the 
hook  and  drev/  up  the  maid,  who,  upon  coming 
to  the  air,  gave  a  figh :  they  opened  a  vein, 
but  fhe  did  not  bleed,  and  died  upon  the  fpot. 

The  next  day  a  friend  of  the  baker’s  out  of 
the  country,  faid,  that  he  would  draw  up  all  the 
bodies  with  a  hook,  but  for  fear  that  he  fhould 
find  himfclf  ill,  without  being  able  to  get  up  a- 
gain,  he  was  let  down  into  the  cellar  with  a  rope 
upon  a  'wooden  pully,  and  as  foon  as  he  fhould 
cry  our,  they  were  to  draw  him  up  again  :  he 
very  loon  cried  out  *,  but  as  they  drew  him  up, 
the  rope  unhappily  broke,  and  he  fell  back  again; 
they  mended  as  ftfl  as  they  could  this  rope,  which 
was  broken  pretty  near  the  top  of  the  cellar,  but 
they  could  only  bring  him  up  dead.  They 
opened  him,  his  brains  were  in  a  manner  dry, 
the  meninges  excefTivcly  flretched,  the  lungs 
miWkcd  with  black  fpots,  the  bowels  blown  up, 

'  and 
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and  as  thick  as  one’s  arm,  inflamed,  and  as  red 
as  blood ;  and  what  was  the  mod  particular,  all 
the  mufcles  of  the  arms,  thighs  and  legs,  as  it 
•were,  feparated  from  their  parts. 

The  magiftrates  took  cognifance  of  this  acci¬ 
dent,  for  the  publick  intereft,  and  forbid  any 
one’s  going  into  the  cellar,  till  they  had  taken 
the  advice  of  phyficians,  furgeons,  and  even  of 
mafons.  It  was  concluded,  that  the  embers, 
which  the  baker  had  put  into  his  cellar,  were 
not  well  extinguifhed,  that  as  there  is  a  great  deal 
of  falt-petre  in  all  the  cellars  of  Chartres^  the 
great  heat  had  raifed  in  that  a  very  malignant 
vapour,  which  had  caufed  fo  many  fatal  effects, 
that  they  ought  to  throw  a  great  quantity  of 
tcr  into  it,  which  would  extinguifh  the  fire,  and 
make  the  nitrous  vapours  fall.  This  was  execu¬ 
ted,  and  at  the  end  of  fome  days  they  let  down 
into  the  cellar  a  dog,  tied  to  a  plank,  with  a 
lighted  candle.  The  dog  did  not  die,  and  the 
candle  did  not  go  out,  certain  figns  that  all  the 
danger  was  over.  They  took  up  the  dead  bodies, 
but  fo  corrupted  by  the  water,  that  they  could 
not  be  examined  ;  they  were  very  much  fwoln, 
and  one  had  his  tongue  out  of  his  mouth,  as  if 
he  had  been  ftrangled.  The  academy  had  this 
hiftory  from  M.  de  la  Hire,  There  is  one  almoll 
of  the  fame  fort  in  the  hiftory  of  1701 

VIL  Of  c  7^emarkable  echo, 

M.  rAhbe  Teinturier,,  the  arch-deacon  of  Ver- 
dun,,  has  fent  to  M.  Cajftni  the  fon,  the  account 
of  an  echo,  that  he  has  feen  3  leagues  from  Ver- 
dun.  It  is  formed  by  two  thick  towers,  detach’d 
from  the  body  of  the  houfe,  and  26  toifes  diftant 

*  Vol.  I.  pag  253  of  this  abridgment. 
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irom  one  another.  One  has  a  lower  apartment 
of  free-ftone  vaulted  ;  the  other  has  only  the 
porch  fo.  Each  has  its  (lair-cafe.  As  all  that 
belongs  to  echos  may  be  called  catoptricks  of 
found,  becaufe  the  found  refled:s  itfelf  according  to 
the  fame  laws,  as  the  light  does,  we  may  look  upon 
thefe  two  towers  as  two  looking-glafles,  placed 
over-againft  one  another,  which  mutually  fending 
back  the  rays  of  a  light  obje6l,  multiply  the 
image  of  it,  altho’ continually  weakening  it,  and 
make  it  always  appear  farther  diftant.  Thus 
"when  we  are  upon  the  line  that  joins  the  two 
towers,  and  pronounce  a  word  with  a  pretty 
high  voice,  we  hear  it  repeated  1 2  or  13  times, 
by  equal  intervals,  and  always  weaker  and  weaker. 
If  we  go  out  of  this  line  to  a  certain  diftance,  we 
,  hear  no  more  of  this  echo,  from  the  fame  reafon, 
that  we  fhould  fee  no  more  of  the  image,  if  we 
fhould  remove  ourfelves  too  much  from  the  fpace 
which  is  between  the  two  looking-glaffes.  If  we 
are  upon  the  line,  which  joins  one  of  the  towers 
to  the  body  of  the  houfe,  we  only  hear  one  repe¬ 
tition,  becaufe  the  two  echos  do  not  any  more 
play  together  with  regard  to  thofe  that  fpeak, 
but  one  alone. 

I 

VIII.  Of  figured  flones. 

M.  John  Scbuchzer  being  come  to  Paris^  and 
having  been  prefent  many  times  at  the  affemblies 
of  the  academy,  of  which  he  is  one  of  the  moll 
learned  and  uleful  correfpondents,  read  a  ^Latin 
dilTertation,  which  he  addrefTed  to  it,  upon  the 
figured  (lones,  that  he  has  obferved  in  his  jour¬ 
ney  into  Flanders  and  France, 

The  quarries  about  Paris  have  at  different 
depths  of  the  beds,  fometimes  pretty  thick,  dif- 
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ferent  forts  of  fhells,  ftrongly  bound  together 
either  by  earth  or  fand.  When  thefe  fliells  have 
preferved  their  fubftance,  or  their  natural  con¬ 
fidence,  they  do  not  yet  merit  the  name  of  fi¬ 
gured  fionesj  that  is  only  proper  when  they  are 
petrified  ;  but  they  deferve  it  dill  better,  when 
after  having  ferved  for  a  mould  to  a  fubdance 
yet  duid,  which  has  intirely  filled  them,  and  af¬ 
terwards  grown  hard,  their  fubdance  has  been  ab- 
folutely  dedroyed  by  time,  and  there  remains 
only  this  petrified  matter,  which  very  exablly  re- 
prefents  their  interior  figure.  Then  the  whole 
that  we  fee  is,  in  reality,  only  a  figured  done  ; 
and  this  probability  is  fo  drong,  that  there  is  need 
only  to  prove,  that  fome  part  of  an  animal  has 
contributed  to  the  formation  of  this  done.  The 
perfebl  conformity  of  the  figures  is  a  demondra- 
tion  of  it  $  to  which  M.  Scheuch%er  adds,  that 
about  thefe  dones  there  is  always  in  the  quarries 
an  empfy  fpace,  which  is  exafliy  that  which  the 
fhells  filled. 

There  may  figured  don^s  be  found,  whofc 
moulds  may  be  unknown  to  us  at  prefcnt.  The 
fhells,  which  have  formed  them,  are  not  any 
more  in  our  feas,  or  they  have  efcaped  us.  The 
great  quantity  of  dones,  which  certainly  have 
been  moulded  in  this  manner,  gives  us  a  right 
to  make  this  fuppofition.  Perhaps  even  fome 
moulds  may  have  been  lod  ;  that  is,  fomefpecies 
of  fhell  may  have  perifhed ;  but  to  admit  this 
thought,  which  is  a  little  bold,  we  mud  per¬ 
ceive  in  a  done  pretty  fenfible  traces  of  this  fort 
of  formation. 

Thus  we  do  not  admit  it  at  prefent  in  explain¬ 
ing  a  done,  which  was  thought  to  be  found  only 
in  Hungary  and  T ranfylvania^  but  has  been  found 
by  M.  Scheuchzer  in  Swijferlandy  and  in  a  dill 

greater 
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greater  quantity  in  Picardy  about  Noyon,  Clu- 
fius  has  called  it  Numifmale^  becaufe  of  its  figure  ; 
however,  it  does  not  fo  much  refcmble  a  medal, 
or  piece  of  money,  as  a  glafs  convex  on  both 
Tides,  but  more  elevated  in  the  middle  than  the 
fpherical  curve  requires.  Its  two  convex  halves 
eafily  feparate,  and  fometimes  are  found  natu¬ 
rally  feparated.  Then  we  fee  in  the  done  turns 
made  fpirally,  like  thofe  of  a  cord  twilled  about 
itfelf.  Thefe  turns  are  fallened  by  a  fort  of  little 
filaments,  which  extend  themfelves  obliquely  to¬ 
ward  the  circumference.  The  exterior  furface  of 
the  ftone  is  fometimes  poliflied,  but  oftner  fet 
round  with  little  points,  whofe  different  ferics  arc 
forts  of  irregular  flutings.  The  generation  of 
thefe  forts  of  Hones,  if  we  could  never  fufpedl 
them  to  have  been  moulded,  will  perhaps  reduce 
the  philofophers  to  the  hypothefis  of  feeds,  ven¬ 
tured  by  the  late  M.  I'ournefort 

To  explain  the  fhells  petrified,  and  fometimes 
buried  under  ground  at  great  depths,  or  thole 
which  by  a  long  feries  ol  ages  are  confumed, 
after  having  left  only  the  print  of  their  figures, 
M.  Scheuchzer  has  recourfe  to  his  hypothefis  of 
the  deluge  already  explained  in  the  hiftory  of 
1708  d?  which  he  has  in  common  with  his  bro¬ 
ther  upon  thefe  forts  of  fubjedts.  '  If  what  we 
have  related  after  M.  Saulmon^  in  the  hiftory  of 
1707  does  not  abfolutely  require  this  hypo¬ 
thefis,  at  leaft  a  confiderable  part  of  what  is  land 
now,  mull  formerly  have  been  fea. 

We  ftiall  not  here  pafs  over  in  filence  an  idea, 
upon  which,  however,  M.  Scheuchzer  has  de¬ 
clared  that  he  did  not  pretend  to  infill,  and  which 
he  has  only  propofed  as  a  fort  of  philofophical 
dream.  If  we  make  a  great  round  bafon  half 
*  Vol.  I.  pag.  410.  f  Vol.  Ill.  nag.  77.  J  Vol.  III.  p  6- 
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full  of  water,  turn  pretty  fall  round  its  centre, 
till  at  lad  the  water  has  taken  all  the  fv/iftnefs  of 
the  bafon,  and  dop  it  fuddenly,  the  water  will 
not  ceafe  continuing  to  move,  and  even  with  fo 
much  force,  that  it  would  furmount  the  edge  of 
the  vedel.  Thus  if  God  fhould,  at  an  indant, 
dop  the  turning  of  the  earth  about  its  axis,  the 
waters  of  the  fea  would  fpread  themfelves  with 
violence  over  the  whole  earth.  This  manner  of 
explaining  the  deluge  is  not  lefs  dm  pie  than  new ; 
even  when  God  ^exerts  his  extraordinary  power, 
and  fuperfedes  thefe  laws  which  he  has  framed 
with  fo  much  fimplicity,  we  may  imagine,  that 
the  miracle  is  performed  alfo  with  the  greated 
fimplicity  podible. 

IX.  Of  M,  John  James  Scheuchzer’i  Her¬ 
barium  Diluvianum. 

M.  John  James  Scheuchzer^s  Herbarium  Dllu- 
•vianum,  printed  at  Zurich  in  1709,  and  fent  to 
the  academy  by  the  author,  turns  upon  the  fame 
principle  with  the  work  which  we  have  jud  men¬ 
tioned,  and  with  all  thofe  of  both  thefe  brothers, 
mentioned  in  the  hidory  of  1708  "f.  This  ex¬ 
traordinary  herbal  is  only  compofed  of  plants, 
which,  from  the  time  of  the  deluge,  having  been 
buried  in  foft  fubdances,  have  left  the  print  of 
their  figure  upon  them,  when  they  were  after¬ 
wards  become  petrified.  They  are  only  fimple 
figures  without  fubdance,  but  fo  perfect  and  fo 
exa6l,  even  in  the  mod  minute  particulars  of 
what  they  reprefent,  that  it  is  impoffible  to  mif- 
take  them.  Among  a  great  number  of  plants, 
which  are  all  of  thefe  countries,  there  is  an  In- 

f  Vol.,  III.  pag.  77,  81,  82. 
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dian  one,  the  (lone  of  which  was  found  in  Saxony^ 
which  agrees  with  an  obfervation  already  made 
in  the  hidory  of  1706  *.  The  (trange  confufion 
that  the  deluge  mud  have  caufed  upon  the  fur- 
face  of  the  earth,  renders  the  tranfportation  of  an 
Indian  plant  into  Germany  very  poflible.  Ac¬ 
cording  to  the  manner  in  which  the  holy  fcripture 
explains  it,  we  may  equally  place  the  beginning 
of  the  deluge,  either  in  the  fpringor  the  autumn  ; 
but  M.  Scheuchzer  removes  this  uncertainty  by 
fome  of  the  plants  of  his  herbal,  and  chiefly  by 
an  ear  of  barley.  Their  age  is  only  that  which 
they  have  here  at  the  end  of  May.  This  is  alfo 
confirmed  by  an  infedl  or  two,  of  which  we  alfo 
know  the  life  fufficiently,  and  which  are  not 
older.  Thefe  are  a  new  fort  of  medals,  whofe 
dates  are  without  comparifon  more  ancient,  more 
important,  and  more  fure,  than  thofe  of  all  the 
Creek  and  Roman  medals. 

There  are  certain  dones  which  reprefent  upon 
their  furface,  not  like  thofe  of  this  herbal,  a  (in¬ 
gle  part  of  a  plant,  or  a  Angle  leaf,  but  (hrubs 
and  little  forreds  very  beautiful.  Thofe  repre¬ 
fent  fo  much,  that  they  reprefent  nothing,  and  in 
effedi:  on  examining  them  ever  fo  little,  we  fee 
that  thefe  trees,  or  (hrubs,  do  not  reprefent  any 
real  plant.  They  are  even  fometimes  accom¬ 
panied  with  little  cadles,  or  figures,  which  adorn 
the  pidure  indeed,  but  render  it  unworthy  of  the 
herbal  of  the  deluge.  Thefe  are  true  fports  of 
nature.  M.  Scheuchzer  undertakes  to  explain  the 
philofophy  of  thefe  fports  ;  that  is,  how  certain 
juices  which  exuded  from  the  pores  of  a  done,  as 
fad  as  it  was  formed,  could  fpread  themfelves 
between  two  of  the  leaves,  or  Jlrata,  which  com- 
pofed  it,  and  trace  there  certain  reprefentations 
♦  VolII.  pag.  357. 
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almoft  regular,  to  which  afterwards  our  imagi¬ 
nation  lends  a  little  of  what  it  wants.  He  has 
even  rendered  his  explication  fenfible  to  the  eyes, 
by  an  experiment  quite  like  it  of  two  flabs  of  po- 
lifhed  marble,  which  he  rubs  together,  after 
having  put  fome  oil  between  them.  It  fpreads 
there  fo  as  to  form  trunks  and  branches. 

Among  the  remains  of  the  deluge,  M. 
Scheuchzer  reckons  a  great  trunk  of  a  tree,  which 
he  knows  to  be  laid  upon  the  fummit  of  mount 
Stella^  the  higheft  mountain  of  the  Alps,  M. 
John  Scheuchzer  has  twice  attempted  to  go  and 
fee  it  with  his  own  eyes,  altho’  the  moft  deter¬ 
mined  hunters  have  never  been  there  but  with 
fear ;  but  the  fnows  have  been  an  invincible  ob- 
ftacle.  According  to  his  eftimate,  this  trunk  is 
raifed  4000  feet  above  the  moft  elevated  place  of 
thefe  mountains,  where  any  trees  naturally  grow, 
for  beyond  a  certain  height  there  grow  none.  Who 
could  have  carried  it  thither?  With  what  defign? 
And  what  machine  muft  they  have  ufed  ? 

X.  Of  the  count  s  philofophical  ejjay 

towards  a  hifory  of  the  Jea, 

The  count  MarJlgU  has  fent  to  the  academy  a 
manufeript  work,  intitled,  A  Phyfical  EJjay  on 
the  Hijiory  of  the  Sea^  of  which  he  has  done  it 
the  honour  of  a  dedication.  He  turned  to  the 
advantage  of  philofophy  a  ftay  that  he  made  on 
the  coaft  of  Provence  and  Languedoc^  and  took 
that  opportunity  of  ftudying  the  fea  particularly. 
The  manner  in  which  he  engaged  in  jr,  is  fuffi- 
cient  to  fhew  what  the  genius  of  obfervation  is ; 
and  to  give  a  model  of  it,  he  has  formed  a 
defign  as  extenfive  as  the  fubjedt,  he  has  em¬ 
braced  all  the  parts  of  it,  and  has  undertaken  to 

VoL.  III.  N^.  32.  Qjq  make 
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make  by  himfelf  all  the  experiments  which  can 
have  relation  to  it.  If  we  had  a  fufficient  num¬ 
ber  of  as  good  memoirs  made  by  obfervers, 
who  had  been  placed  in  different  parts  of  the 
world,  we  fhould  at  lafl:  have  a  natural  hiftory. 

The  work  of  count  Marftgli  is  fo  confiderable, 
that  the  extracts  whkh  the  academy  has  caufed 
to  be  made  from  it,  by  M.  Maraldi  and  Geoffro)\ 
were  themfclves  pretty  large  works.  We  fliall 
here  only  give  an  idea  of  it  incomparably  fhorter, 
an(i  we  ihall  be  greatly  affifted  by  their  labours. 
The  hiftory  of  the  Tea  is  divided  into  5  parts, 
I'he  firft  treats  of  the  difpofition  of  the  bottom, 
or  bafon  of  the  fea.  The  fecond,  of  the  nature 
of  the  water.  The  third,  of  its  motions.  The 
fourth,  of  the  plants  that  grow  there.  The  fifth, 
of  the  fifties.  This  laft  part  is  not  finiftied,  and 
the  academy  have  not  yet  feen  any  thing  of  it. 
The  whole  is  accompanied  with  a  great  number 
of  figures,  made  with  a  great  deal  of  care. 

To  difeover  the  nature  and  difpofition  of  the 
coafts,  he  has  made  different  fmall  voyages  in 
barks,  which  are  all  contained  between  the  cape 
of  Sijfe  near  ’Toulon^  and  the  cape  d*Jgde  in  Lan¬ 
guedoc.  He  has  made  others  at  fea,  and  fome- 
times  at  1 1  leagues  'diftance,  to  examine  the  depth 
and  nature  of  the  bottom.  He  has  found  that  the 
gulph  of  Lyons  is  cut  afunder  by  a  ridge,  hid 
under  the  water,  that  the  part  which  is  from  the 
land  to  this  ridge  is  not  above  70  braces  deep, 
and  that  the  other  which  is  towards  the  main  is 
.150  in  feme  places,  and  fometimes  fo  much  that 
it  cannot  be  founded.  He  calls  it  the  abyfs  *,  he 
has  learched  what  the  difpofition  of  the  foil  was, 
that  is  to  fa-y,  the  order  of  difierent  banks,  or  beds 
ot  earth,  land-rocks,  i^c.  not  only  in  the  coaft, 
but  allb  in  the  iflands  or  neighbouring!;  ftielves. 

This 
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This  difpofition  is  found  alike,  fo  that  all  the 
iflands  are  only  fragments  of  the  firm  land,  and 
probably  the  bottom  of  the  fea  is  a  continua¬ 
tion  of  it.  From  hence  we  may  conjedlure,  with 
count  Marfigli^  that  the  globe  of  the  earth  has  a 
determinate  organical  ftrudure,  which  has  not 
fuffered  great  alterations,  at  leaft  in  a  confiderable 
time. 

He  lliews,  that  fome  beds  of  fait  and  bitumen 
are  mixed  among  the  beds  of  (lone  ;  and  that 
upon  the  natural  bottom  of  the  fea  there  is  formed 
an  accidental  bottom,  by  the  mixture  of  different 
matters,  fand,  fhells,  mud,  l£c.  which  the  glu- 
tinofity  of  the  lea  has  flrongly  united,  and 
ftuck  together,  and  which  are  afterwards  har¬ 
dened  fornetimes  even  till  it  petrifies.  As  thefe 
incrullations  are  necelfarily  formed  in  ftrata^xhtxo. 
are  lome  in  which  the  fifiiers  diftinguifh  the  an¬ 
nual  augmentations  they  have  a  furprizing  va¬ 
riety  of  colours,  which  fornetimes  penetrate  even 
into  the  llony  fubftance,  but  are  oftener  only  lu- 
perficial,  and  diffipate  out  of  the  water. 

Some  of  the  matters  which  form  thefe  incrulla¬ 
tions,  have  afforded  by  chymiftry,  principles  fo 
like  to  thofe  of  marine  plants,  that  we  might  fuf- 
pe(5l  them  to  be  fo  •,  and  m.uch  more,  as  they 
are  fornetimes  wholly  fibrous.  ^Such  are  the  hard 
fea  moffes,  or  lichens  w'hich  fallen  to  the  flone, 
and  have  almoll  the  fame  hardnefs. 

Count  Marfigli  found  by  a  thermometer 
plunged  in  the  water,  that  the  degree  of  heat  there 
is  equAl  at  different  depths ;  that  in  the  v/inter  it  is 
fomcthiiig  greater  in  this  fea,  than  in  the  air; 
and  on  the  contrary  in  fummer  •,  but  pretty  often 
equal.  Ncverthelels  count  Marfigli  has  obferved 
alfo,  that  many  marine  plants  agree  with  thofe  of 
the  land,  in  fiiooting  in  the  fpring  oftener  than  in 

Q  q  2  other 
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Other  feafons.  An  accident  prevented  the  expe¬ 
riments  of  the  heat  of  the  fea  from  being  conti¬ 
nued  fo  long  as  they  fliould  have  been. 

According  to  him,  the  fea-water,  fuppofing  it 
to  be  well  chofen,  is  more  clear  and  bright  than 
any  other  water.  As  to  its  colour,  it  depends 
both  upon  its  bottom,  and  the  fky  ;  and  fo  many 
other  circumftances  hitherto  lefs  known,  that  all 
the  experiments  of  count  MarJJgli  leave  him  ftill 
a  great  deal  to  defire  upon  this  I'ubjedl. 

It  is  more  eafy  to  determine  the  caufes  of  its 
faltnefs  and  bitternefs,  for, we  may  well  obferve 
the  bitternefs  as  different  from  the  faltnefs.  One 
is  produced  by  the  diffolution  of  beds,  or  banks 
of  fait,  the  other  by  the  diffolutiorr  of  beds  of 
bitumen. 

Water  is  much  more  proper  to  diffolve  the  fait, 
than  the  bitumen,  which  is  an  oily  matter:  and 
in  the  fea-water  the  dofe  of  fait  is  much  ftronger 
than  the  bitumen.  Count  Marftgli  having  taken 
23  ounces  2  drams  of  ciftern- water,  to  make  fea- 
water  of  it,  he  put  6  drams  of  common  fait  into 
it,  and  only  48  grains  of  fpirit  of  pit-coal  •,  for 
pit- coal  is  bituminous-,  and  bcfides  there  are 
mines  of  it  found  in  the  mountains  of  Provence : 
and  with  this  mixture  he  had  an  artificial  fea- 
water  of  the  fame  tafte  wdth  the  natural.  Thcfe 
48  grains  did  not  at  all  increafe  the  weight  of  the 
water  weighed  by  the  areometer. 

The  (mall  quantity  and  lightnefs  of  this  bitu¬ 
minous  matter,  are  the  caufcs,  that  the  fea-warer 
diftilled,  fo  as  to  loofe  its  faltnefs,  has  not  how¬ 
ever  loft  its  bitternefs,  and  a  difagrecable  tallc, 
nor  even  as  is  pretended  an  unwholfom  quality. 
The  diftillation  which  is  naturally  made  by  the 
fun,  and  which  is  very  diflerent  from  that  of  an 

alem- 
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alembic,  perfedlly  purges  the  fea- water  from  its 
bitumen. 

There  are  in  the  earth  fo  many  different  matters, 
that  the  fea  wafhes,  and  of  which  it  muff  raife 
fome  particles,  that  we  may  pretty  juftly  believe, 
that  bitumen  is  not  the  only  principle  which 
mixes  with  the  fait. 

By  what  has  been  juft  faid,  we  fee  that  in  24 
ounces  of  fea* water,  there  are  6  drams  of  fait ; 
or,  which  is  the  fame  thing,  that  it  contains  the 3 2d 
part  of  its  weight  of  fait.  But  this  is  only  true 
of  the  water  taken  at  the  furface  of  the  fea,  that 
at  the  bottom  is  more  fait,  and  has  the  29th  part 
of  its  weight  of  fait.  The  falteft  waters  are  alfo 
the  heavieft.  Thofe  which  are  upon  the  furface 
of  the  fea  at  the  outlet  of  the  Rhone^  are  lighter 
by  ,^3,  than  the  waters  farther  diftanr,  and  c- 
qually  fuperficial  ;  and  thefe  ftill  lighter  than 
thofe  which  are  farther  diftant  from  land. 

It  is  furpriftng  that  the  water  of  the  fea,  which 
does  not  want  fait,  has  not  diffolved  all  that  it 
can  diffolve.  By  count  Marf.glih  experiments, 
a  quantity  of  water  which  ought  to  contain 
6  drams  of  it,  diffolved  4  |  more ;  and  the  arti¬ 
ficial  fea- water  5.  He  conjedures,  that  the  ani¬ 
mals  and  plants  of  the  fea,  confume  part  of  its 
fait  that  another  part  of  it  diffipates  in  the  air; 
that  the  fo  ft  waters,  which  it  receives  not  only 
from  the  rivers, but  from  the  fprings  of  its  bottom 
alfo,  frefhen  it ;  but  with  all  this  he  does  not  pre¬ 
tend,  that  the  difficulty  is  intirely  removed. 

He  has  made  141b.  of  fea- water  pafs  through 
15  earthen  pots,  which  he  lucceffively  filled  with 
garden- mould  and  fea-fand.  If  they  had  been 
joined  together,  they  would  have  made  a  cafcade 
of  75  inches  long,  and  5  broad.  The  141b.  of 
water  having  palled  both  through  the  fand,  and 

through 
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through  the  mould,  were  equally  reduced  to  5  lb. 
2  ounces ;  but  they  were  better  fre/liened  by  the 
fand,  and  deprived  of  a  greater  part  of  their 
weight.  If  the  cafeade  of  fand  had  been  twice  as 
long,  we  might  believe,  that  it  would  become  aU 
moft  infipid.  By  this  means  the  fea-water  might 
become  frefli  by  filtering  through  the  bowels  of 
the  earth,  if  at  the  end  of  a  certain  time  the 
filters  (hould  not  fill  with  the  fait  which  has  been 
depofited  in  them. 

The  fait  of  the  fuperficial  waters  is  white,  and 
that  of  the  deep  waters  of  a  dark  afh-colour.  The 
firft  is  the  only  one  in  which  there  is  found  an 
acid,  and  is  of  a  more  biting  faltnefs,  and  a  much 
lefs  fenfible  bitternefs.  From  hence  it  comes,  that 
at  Peccais^  in  Languedoc^  where  they  extrad  fait 
from  deep  well-waters,  it  muft  be  left  expofed  to 
the  air  for  3  years  at  leaft,  before  it  is  vended.  This 
time  is  neceflary  for  it  to  lofe  a  bitternefs  which 
would  be  infupportable.  We  fhall  fupprefs  a 
great  number  of  obfervations  upon  the  marine  fair, 
becaufe  this  fubjed  is  more  known. 

Count  MarfigU  has  not  had  Icifure  to  content 
himfelf  fully  upon  the  fad  of  the  bitumen  con¬ 
tained  in  the  fea-water :  however  he  believes  it 
is  this  which  produces  the  natural  unduoufnefs  of 
this  water,  which  even  the  difiillation  does  not 
take  away  from  it.  The  great  quantity  of  glue 
which  fixes  upon  the  ftones  and  plants,  the  union 
of  fo  many  heterogeneous  bodies  which  glue  to¬ 
gether,  the  tartar  which  hardens  in  fonie  places 
the  bottom  of  the  Tea,  or  inclofes  feveral  forts  of 
matters,  and  chiefly  the  Jiihophytons,  a  marine 
plant.  He  has  begun  experiments  at  different 
times  upon  the  tartarifations  of  the  fea,  which 
could  not  be  carried  far  enough. 
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He  has  obferv^ed,  thatpulfe  boiled  in  fea-water^ 
came  out  of  it  more  hard  than  when  it  was  put 
in  •,  that  the  fiefh  of  mutton  becomes  white,  and 
more  tender  than  in  foft  water,  but  very  fait  and 
bitter;  that .  the  bread  made  with  fea- water  is 
fait,  and  may  very  well  be  eaten  while  it  is  new; 
but  when  it  is  ftale,  it  acquires  an  exceflive  bit¬ 
tern  efs. 

4 

The  fea  has  three  forts  of  motions,  the  fiux  and 
reflux,  the  currents,  and  the  undulations.  Wc 
knovz  that  the  Mediterranean  has  no  flux  or  reflux, 
at  leafi:  univerfilly;  and  in  effetfl:,  according  to 
the  common  fyftem,  it  mufi:  not  have  any,  flnce 
it  is  not  under  the  courfe  of  the  moon.  However, 
as  an  almoft  infenfible  flux  and  reflux  might  ea-^/ 
fily  efcape  the  obfervations  which  are  commonly 
made,  count  Marfigli  has  made  new  ones,  which 
this  motion  could  not  have  efcaped ;  and  it  v/as 
not  at  all  perceived  in  the  places  where  the  obfer¬ 
vations  were  made. 

Count  Marfigli  has  not  difcovered  any  rule  in 
the  currents,  altho’  he  has  not  fpared  his  voyages, 
nor  his  trouble.  He  has  not  been  able  to  verify 
what  is  commonly  faid  of  this  famous  current, 
which  coafts  the  whole  Mediterraneany:\.^  if  it  was 
formed  by  the  entrance  of  the  waters  of  the  ocean, 
and  by  their  return.  But  he  believes  he  has  dis¬ 
covered  fomething  very  Angular.  During  the 
fummer,  and  in  the  time  of  the  coral  fifhing,  they 
perceiv’e  at  the  fide  of  the  abyfs,  a  current  which 
feems  to  have  a  relation  to  the  motion  of  the  fun 
upon  the  horizon,  but  fo  that  it  is  alv/ays  oppofite 
to  it.  When  the  fun  is  in  the  eaflern  part  of  its 
diurnal  courfe,  that  is  to  fay,  from  its  rifing  till 
noon,  the  current  goes  to  the  weft  ;  and  at  noon 
it  turns  to  the  north,  and  afterwards  to  the  eafl:. 
They  have  not  obferved  if  it  goes  to  the  fouth  at 

mid- 
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midnight ;  this  would  agree  with  the  reft,  and 
even  appears  neceftary. 

As  to  the  undulation,  it  is  fufficient  to  know  the 
cxcefles  of  it.  Count  Marfigli  has  obferved  be¬ 
tween  Maguelone  and  Peyrole^  that  in  a  great 
tempeft  the  waves  rofe  7  feet  above  the  common 
level  of  the  fea.  At  the  mountainous  fhores,  fuch 
as  thofe  of  Provence^  a  furious  fouth-weft  wind 
raifes  the  water  only  5  feet,  but  the  percuflion 
that  it  makes  againft  the  rocks,  drives  it  fome- 
times  to  8.  This  is  not  comparable  to  the  poetic 
tempefts. 


XL  Of  a  taenia  found  in  a  tench. 

M.  Geoffrey^  junior,  IHewed  2itc€nia  found  in  a 
very  found  and  fat  tench,  like  to  thofe  which 
are  found  in  man,  only  it  was  not  divided  by  rings. 
It  had  only  ftripes,  or  folds,  perpendicular  to  its 
length,  according  to  which  another  great  ft  ripe 
went  from  the  head  to  the  tail,  dividing  it  into 
equal  halves.  It  was  intire,  and  2  feet  |  long. 
We  do  not  know  that  there  has  been  hitherto 
any  iknia  found  in  fifties. 


XII.  The  difeovery  of  an  extraordinary  fort 

of  inf e 51. 


We  muft  be  furprifed  to  fee  that  a  little  body 
pretty  exa6lly  oval,  and  whofe  great  diameter, 
which  is  of  above  a  line,  is  to  the  fmall  as  3  to  2  ; 
which  has  a  very  polifhed  furface  of  the  colour  of 
roafted  coffee,  with  a  fmall  pearl-coloured  band 
in  the  middle  *,  and  which,  with  thefe  appear¬ 
ances,  would  hardly  be  taken  for  an  animal,  and 
at  moft  but  for  an  egg,  ftiould  however  leap  in  a 
garden,  raifing  itfclf  -J-  an  inch,  and  fometimes 

leap- 
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leaping  as  high  as  2.  When  we  would  have  it  leap, 
we  need  only  expofe  it  to  the  fun,  or  hold  it  in 
the  hand  when  it  is  hot.  M.  Carre^  to  whom 
we  owe  this  obfervation,  opened  the  bag  of  one 
of  thefe  little  bodies,  it  is  thick  and  folid  in  pro-, 
portion  to  its  bignefs,  and  it  had  need  be  fo  to 
bear  their  leaps,  and  it  inclofes  a  very  white  little 
worm,  of  which  the  back  is  cut  with  tranfverfe 
and  parallel  rings,  and  the  belly  very  flat,  and 
without  feet.  We  perceive  two  little  black  points 
on  the  fide  of  the  head.  As  the  figure  of  its  belly 
hinders  it  from  entirely  filling  the  bag,  it  has  room 
to  make  a  leap  there  by  gathering  up  its  body, 
and  afterwards  opening  it  haftily.  It  is  thus  that 
it  raifes  up  its  houfe  in  the  air.  It  muft  be  very 
vigorous,  for  this  houfe  is  a  very  great  weight  in 
proportion  to  it;  and  yet  it  raifes  it  very  high,  and 
carries  it  a  great  way,  and  that  very  often.  M. 
Carre  kept  one  for  two  months  in  a  box,  without 
perceiving  any  alteration  in  it.  This  little  animal 
is  a  riddle  pretty  difficult  to  explain.  How  does 
it  nourifli  itfelf  in  this  bag- fo  well  clofed?  How 
does  it^multiply  in  this  prifon  ?  For,  although  it 
fhould  multiply  in  the  manner  that  mufcles  do*, 
how  fnould  its  eggs  get  out 

XIII.  On  the  pond  mufcles. 

We  know  well  enough,  at  ieaft  to  a  certain 
point,  the  animals  that  are  moil  expofed  to  our 
eyes,  and  with  which  we  have  the  greatefl:  com¬ 
merce.  But  there  is  an  infinite  number  of  others, 
which  the  little  need  that  we  have  of  them,  the 
difficulty  of  obferving  them,  a  certain  contempt 
v/hich  we  have  for  them  on  account  of  their  littlc- 

*  See  the  following  article. 
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nefs,  or  their  figure  makes  us  negledt  them,  or 
abfolutely  deprive  us  of  them.  Thefe  are  chiefly 
infects,  and  fhells. 

Who  would  imagine  that  there  is  an  animal 
which  receives  its  nourifhment,  and  relpires  only 
at  the  anui^  which  has  neither  veins  nor  arteries, 
and  has  no  circulation  in  it?  We  need  not 
mention  its  being  a  hermaphrodite,  for  that  is  a 
wonder  at  prefent  too  common  ;  but  it  differs 
from  all  the  other  hermaphrodites  hitherto  known, 
in  its  multiplying  independently  of  another  ani¬ 
mal  of  its  own  fpecies^  and  is  itfelf  alone  both  fa¬ 
ther  and  mother  of  what  it  produces.  Here  is  a 
quite  new  idea  of  an  animal  ;  it  is  the  pond  muf- 
cle,  the  fl:ru6i:ure  of  which,  M.  Mery  has  difeo- 
vered,  notwithffanding  its  fhape  is  fo  odd,  and 
difeourageing,  on  account  of  its  exceffive  fin- 
gularity. 

What  we  may  call  the  head  of  the  mufcle,  tho’ 
we  can  find  neither  eyes,  nor  ears,  nor  tongue 
in  it,  but  only  an  aperture  which  may  be  called 
ifs  mouth,  is  an  immoveable  part,  fafbened  to  one 
of  the  fhells,  in  fuch  a  manner,  that  it  cannot  go 
out  to  feek  for  nourifhment,  but  nourifhment 
muft  come  to  it.  This  nourifhment  is  nothing 
but  water,  which,  when  the  fliells  open,  enters 
into  the  anus  of  the  mufcle,  which  opens  at  the 
fame  time,  and  paffes 'thence  into  certain  refer- 
voirs  or  canals  contained  between  the  interior  fur- 
face  of  the  fhell,  and  the  exterior  furface  of  the 
animal,  and  at  lafl:  goes  into  the  mouth,  when 
compelled  by  a  certain  motion. 

At  the  bottom  of  the  mouth  are  two  ca¬ 
nals  to  receive  the  water.  One  throws  feve- 
ral  branches  into  the  body  of  the  mufcle,  one 
of  which  terminates  in  the  heart.  The  other 
is  a  fort  of  intedine,  which  firft  paflfes  through 
3  '  the 
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the  brain,  then  makes  feveral  circiim volutions  in 
the  liver,  and  at  parting  from  thence,  traverfes 
the  heart  in  a  right  line,  and  ends  in  the  anus. 

This  brain  and  liver  are  fuch  no  otherwife  than 
as  we  pleafe  to  call  them  fo,  but  the  heart  deferves 
that  name  a  little  better.  It  has  a  ventricle,  and 
2  auricles  ♦,  and  the  alternate  motions  of  fyjiole  and 
diaftole  in  the  ventricle  and  auricles ;  but  it  has 
neither  veins,  nor  arteries :  the  water  brought  to 
it  by  its  canal,  enters  from  the  ventricle  into  the 
auricles,  and  returns  from  the  auricles  into  the 
ventricle,  and  makes  a  flight  reprefentation  ofcir- 
culation,  without  any  apparent  effed  ;  for  being 
once  arrived  at  this  heart,  k  has  no  way  to  o-et 
out  again.  What  mufl  become  then  of  the  quan¬ 
tity  there  collided?  Probably  there  is  nocolledion 
made,  becaufe  the  animal  does  not  make  the  wa¬ 
ter  flow  continually  thro*  the  mouth  into  the 
heart ;  and  when  a  certain  quantity  has  entered, 
the  contradions  of  the  heart  fqueeze  it  thro’  the 
pores,  and  drive  it  into  the  neighbouring  parts, 
which  abforb  it,  and  are  thereby  nourifhed. 

The  onal  which  M.  Mery  calls  the  inteftine, 
and  which,  as  well  as  the  other,  receives  the  water 
immediately  from  the  mouth,  does  not  feem  fit 
to  carry  the  nourifliment  to  the  parts,  becaufe  it 
has  no  branches  to  diflribute  it.  However  it 
contains  at  its  beginning  and  end,  two  different 
fubftances  ;  the  firfl  of  which  may  be  water  di- 
gefted,  that  is,  the  nutritious  juices  drawn  from 
it  j  and  the  others  may  be  the  excrement. 

The  mufcle  cannot  breath,  till  it  is  raifed  upon 
the  furface  of  the  water,  and  it  raifes  itfelf  like 
other^  fifhes,  by  dilating  the  cavity  in  which  it 
contains  the  air.  Then  it  is  its  anus  too  that  re¬ 
ceives  the  air  from  without,  and  carries  it  into  the 
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lungs,  for  is  is  generally  funk  at  the  bottom  of 
the  water.  * 

It  has  ovaries,  and  feminal  veficles.  Thefe 
two  forts  of  organs  are  equally  compofed  of  tubes 
ranged  by  the  fide  of  each  other,  all  fhut  at  the 
fame  end,  and  opened  at  the  oppofite  end.  •  We 
do  not  diftinguifh  thefe  parts  by  their  ftrudlure, 
yi^hich  is  all  alike  to  the  eye,  but  the  difference 
pf  their  contents,  and  fo  much  the  more  as  the 
ovaries  are  always  full  of  eggs  in  winter,  and 
empty  in  funamer,  and  as  the  veficles  are  in  all 
fcafons  in  like  manner,  but  little  filled  with  their 
milt,  which  confequently  feems  to  flow  out  con¬ 
tinually.  All  the  tubes  difeharge  themfelves  into 
the  anus^  and  M.  ][iery  imagines,  that  when  the 
eggs  are  depofited  in  their  feafon,  they  cannot 
fail  of  meeting  with  the  milt  or  feed  which  ferti^ 
Jizes  them,  'fihe  animal  therefore  has  no  need 
of  another  to  aflift  in  its  generation. 

M.  Mery  doe?  not  agree  with  the  late  M.  Pou^ 
fart  concerning  the  progreffive  motion  of  pond 
mufcle^*.  He  apprehends,  that  their  whole 
belly,  which  comes  two  inches  out  of  their  (bells 
whenfoever  they  will,  in  the  form  of  a  keel  of  a 
ftip,  creeps  upon  the  mqd,  juft  as  the  belly  of  a 
ferpent  does  qpon  the  ground.  He .  deferibes  the 
piufcles,  which,  by  their  alternate  contractions,- 
make  the  whole  play  of  this  mechanifm. 

He  is  alfo  of  opinion,  that  t\}t  (hell  of  the 
mufcle  is,  nqt  formed  as  M.  de  Reaumur  \\2ls  found 
the  fnail-fhell  to  be  formedf .  Here  the  firft  eirr 
cumvolutions  are  no  larger  in  a  great  old  fnail, 
which  proves  that  the  ftiell  is  not  a  member  of 
the  animal,  and  that  it  is  formed  by  a  fuccefilve 
addition  of  foreign  parts  •,  but  fome  bands  that 

J  Sec  p.  321  of  this  volume,  f  See  p.  250  of  this  volume. 
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we  perceive  on  a  mufck  HielJ,  are  largeft  in  the 

biggeft  mufcles.  •  B^fides  the  mujtle  has  8  ten- 

clons  faftened  to  the  inner  furface  of  its  ibell  ;  if 

the  fliells  did  not  grow  in  the  fame  rrianner  as  the 

fiePxl,  thefe  which  are  faftened-  at  firft  in  certain 

places  of  thegrbwingmijfcle,  muftcontintiily  change 

their  faflening  to  the  lad  growth  of  "the  ^animal  ^ 

and  how  could ‘that  be  polfible  ?  The  difficulty  is 

confiderable;  but  perhaps 'it  is  no  more  than  a 

difficulty.  ■  ;■  -  t  '■  '  :  ^  ‘ 

¥ 
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Philosophical  Memoirs  of  the  Roval 
Academy  of  Sciences  at  Paris,  for 
the  Year  1710. 

I.  Experiments  upon  the  elajlicity  of  the  air, 
by  M,  Carre  ^  3  tranfated  by  Mr,  Chani- 
•  bcrs. 

M  Parent  gives  us  fome  experiments  in  the 
•  hiftory  of  the  academy  for  the  year  1 7  08, 
whereby  he  pretends  to  prove,  that  the  air  has  no 
fpring;  but  the  point  feems  of  too  much  impor¬ 
tance  to  be  given  up,  either  upon  M.  Pareni's 
experiments,  or  his  reafonings  without  fome  fur¬ 
ther  examination  *,  for  it  can  never  be  too  much 
confidered,  how  liable  we  are  to  fall  into  errors, 
in  drawing  conclufions  from  one  or  two  experi¬ 
ments,  which  may  have  fucceeded  agreeably  to 
our  opinion ;  efpecially  when  they  go  counter  to 
an  eftablifhed  dodrine,  warranted  by  a  multitude 
of  experiments. 

My  intention  therefore  is  to  repeat  M.  Parentis 
experiments,  together  with  fome  others  tending 
to  the  fame  matter,  in  order  to  which  it  may 
be  neceOarv  to  tranferibe  the  account  thereof, 

given  by  M.  Fontenelle, -  “  A  very  extraor- 

“  dinary  and  furprifing  experiment,  agrees  with 
or  rather  proves  this  fentiment.  M.  Parent 
“  took  feveral  round  glafs  phials  about  an  inch  in 
diameter,  and  having  long  narrow  necks,  from 
^  8  to  10  inches  long,  and  a  line  wide  ^  in  each 
*  July  1709. 
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“  of  thefe,  he  put  a  little  quantity  of  a  different 
‘‘  liquor  as  water,  wine,  fpirit  of  wine,  oil  of 
‘‘  tartar,  petrol  and  mercury  ;  then  putting  their 
“  necks  thro’  holes  made  in  the  receiver  of  an 
‘‘  air-pump,  he  exhaufled  the  air^  after  which 
melting  that  part  of  the  neck,  which  was  on 
“  the  outfide,  with  a  lamp,  and  twifling  it  about 
‘‘  the  weight  of  the  ambient  air  quickly  fealed  it 
“  hermetically  *,  fo  that  there  could  be  no 
“  doubt  but  the  phials  were  all  well  emptied  of 
air.  At  the  fame  time  there  were  other  like 
‘‘  phialSj  fealed  after  the  fame  manner,  but  full 
of  air,  both  the  one  and  the  other  were  laid 
upon  burning  coals,  whereupon  thofe  full  of  air, 

“  by  the  great  augmentation  which  the  heat  mufl 
have  occafioned  in  the  flrength  of  the  fpring, 

‘‘  fhould  have  burfl  with  great  noife  ;  whereas, 

‘‘  in  reality,  they  only  melted  gently  through  • 
‘‘  the  aperture  ;  and  on  the  contrary,  thofe  which 
contained  no  air,  but  only  a  little  liquor,  made 
“  all  a  great  detonation,  and  burfl  in  pieces* 
Now,  what  becomes  of  the  fpring  of  the  air 
“  in  this  experiment  ?  The  JEtherial  matter  car- 
ried  by  the  fire  into  the  former  phials,  could 
not  make  fo  great  an  effort  againft  their  inter- 
“  nal  parietes,  by  means  of  fuch  fubtile  and  deli- 
cate  particles,  as  thofe  of  air  are,  as  by  means 
of  more  maffive  particles  of  the  other  liquors.  : 

“  Hereby  we  can  eafily  explain  how  moiflure 
“  may  produce  thofe  extraordinary  effedls,  com- 
monly  attributed  to  the  fpring  of  the  air,  nor 
“  need  we  any  longer  be  in  pain  to  underfland  ^ 
how  fuch  a  fpring  fhould  a(^  in  great  rarefadli- 
“  ons,  where  the  particles  of  air  do  not  feem  to 
‘‘  touch,  or  bear  upon  one  another  ;  but  this 
“  perhaps  would  be  to  extend  our  confequences 
further,  than  as  yet  may  be  allowed  of.  There 

“  is 
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“  is  a  certain  maturity  required  in  phyfical  truths, 
“  which  time  alone  can  give  them.’* 

Here  follow  my  experiments. -  I  pro¬ 

cured  4  little  glafs  phials  to  be  made  with  long' 
necks,  like  thofe  ufed  by  M.  Pnrent^  and  pre¬ 
pared  after  the  fame  manner.  The  firft;  was  full 
of  common  air ;  the  2d  exhauflied  of  its  air ;  the  3d 
full  of  air,  with  a  little  common  water  ;  and  the  4th 
empty  of  air,  but  containing  a  little  quantity  of 
water.  I  fealed  them  all  hermetically,  and  lay¬ 
ing  one  after  another  upon  the  burning  coals,  the 
confequence  was,  that  the  phial,  which  contained 
nothing  but  common  air,  and  which  remained 
fome  time  without  fhewing  any  effcdf,  as  being 
fomewhat  thicker  than  the  reft,  opened  at  a  place 
where  it  was  fomewhat  ftretched  before,  and  pro¬ 
duced  a  kind  of  hifting  by  the  air  iffuing  from  it,' 
without  any  great  violence.  The  fecond  had 
pretty  much  the  fame  elfedf,  but  the  hifting  was' 
fomewhat  more  confiderable,  the  part  of  the 
phial  moft  heated  having  ftretched  fomewhat 
further,  and. yielded  more  quickly.  The  third 
made  a  violent  detonation,  and  burft  into  very  little' 
pieces  in  a  very  fhort  time.  The  fourth  likewife. 
burft  with  fome  noife,  and  very  quickly,  tho* 
only  a  very  fmall  hole  was  made  in  it. 

After  this,  I  made  4  other  little  phials  like  the 
former.  The  firft,  which  was  full  of  air,  remained 
On  the  coals  a  confiderable  time,  ere  it  produced 
its  effe<5t ;  but  it  ftretched  till  at  length  it  burft, 
with  a  confiderable  noife,  and  difcovered  a  large 
aperture. 

The  feCond,  which  was  likewife  full  of  air, 
produced  much  the  fame  effe<ft,  but  with  lefs 
tioife,  the  part  at  which  it  opened  was  ftretched 
more,  and  thfe  hole  fmaller. 

The  third  and  fourth,  which  were  emptied  of 
air,  funk  inwards  without  burfting  *,  and  efpe- 

cially 
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cially  the  fourth,  in  fuch  manner,  as  that  half  the 
convexity  which  touched  the  coals  became  clofed 
exadlly  to  the  other  half,  and  only  made  a  hollow 
hemifphere.  The  flime  fhould  always  happen 
in  this  experiment,  fince  the  external  air,  though 
much  dilated  by  the  heat,  muft  prefs  more  ftrongly 
than  the  thin  air  included  can  poffibly  refift,  and 
confequently  the  part  mod  heated  muft  be  driven 
inwards  ;  and  if  the  fame  did  not  hold  in  the  firft 
experiment,  ’twas  probable,  by  reafon  there  was 
air,  or  fome  other  matter  enough  left  in  the 
phial  to  make  it  burft. 

Not  being  yet  fully  fatisfied  with  thefe  experi¬ 
ments,  I  made  1 5  other  little  phials  like  the  for¬ 
mer  ;  an’  account  whereof,  and  of  the  efFedls  they 
yielded  in  the  fire,  follows. 

The  firft,  whichVas  full  of  common  air,  being 
’laid  on  the  coals  burft  in  pieces^  in  a  very  fhorc 
time,  and  with  a  little  noife,  which  had  not  been 
found  in  any  fimilar  experiment  before. 

The  fecond,  which  was  emptied  of  its  air, 
melted  without  burfting,  and  turned  into  a  hol¬ 
low  hemifphere,  as  above-mentioned. 

The  third,  which  was  full  of  air  with  a  little 
water,  burft  quickly  with  a  great  noife. 

The  fourth,  which  was  void  of  air,  but  had  a 
little  water,  burft  in  a  Ihort  time,  with  a  noife 
fomewhat  greater  than  the  former. 

The  fifth,  which  was  full  of  water,  remained 
but  a  little  time  on  the  coals  ere  it  burft,  and 
threw  them  all  around  with  a  very  great  noife. 

The  fixth,  being  full  of  water,  exhaufted  of 
air,  its  neck  broke  off,  and  it  became  a  kind  of 
eolipile,  which  continued  a  confiderable  time  9 
and  tho’  the  fire  were  very  vehement,  the  phial 
fuffered  no  change.  • 
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The  feventh,  being  exhaufted  of  air,  had  a  little 
coloured  fpirit  of  wine  in  it,  this  burft  almoft  as 
foon  as  laid  on  the  coals  with  confiderable  noife. 

The  eighth,  which  was  full  of  air,  with  a  little 
fea-falt  in  powder  therein,  melted,  and  yielded  a 
little  hole  with  fome  noife. 

The  ninth,  being  full  of  air,  with  a  little  falc- 
petre,  made  a  fmall  hole  in  a  very  lliorc  time, 
with  a  little  noife. 

The  'tenth,  which  was  full  of  air,  with  a  little 
urine,  burft  in  a  fhort  time,  with  a  confiderable 
noife. 

The  eleventh,  having  no  air,  but  a  little  fait  wa¬ 
ter  in  it,  burft  in  a  fliort  time,  with  a  great 
noife. 

The  twelfth,  having  no  air,  but  a  little  au^ 
rum  fulminans^  burft  as  foon  as  laid  on  the  coals, 
with  a  little  noife. 

The  thirteenth,  having  no  air,  but  a  little  ful- 
phur,  mdted  and  funk  inwards,  without  burft- 
ing,  the  fulphur  alfo  melted,  and  rofe  to  the 
top  of  the  neck  of  the  phial. 

The  fourteenth,  being  full  of  air,  together  with 
a  little  lamp-oil,  remained  a  confiderable  time  on 
the  coal,  but  burft  at  length  with  a  confiderable 
noife. 

The  fifteenth,  was  exhaufted  of  air,  but  had  a 
little  drop  of  mercury  about  a  line  in  diameter 
therein,  this  remained  3  minutes  on  the  coals 
without  undergoing  any  change,  and  when  it  had 
been  cooled,  was  laid  on  the  fire  again  for  7  or 
8  minutes  without  any  effedl,  the  mercury  ftill 
keeping  to  the  top  of  the  neck,  only  a  little 
flaw  was  perceived  in  it. 

It  appears  therefore,  that  all  thefe  experiments, 
inftead  of  deftroying  the  fpring  of  the  air,  tend 
rather  to  cofifirm  it;  but  it  likewife  appears, 
3  •  that 
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that  neither  the  fpring  nor  the  dilatation  of  the 
included  air,  are  the  immediate  caufe  of  the 
noife  and  fradlure  of  the  glafles  ;  fince  fome  of  the 
phials,  which  were  full  of  air,  burft*  without  mak¬ 
ing  any  noife  ;  the  reafon  whereof  may  be,  that 
the  ftrength  of  the  air’s  fpring,  as  well  as  that  of 
other  bodies,  confiding  only  in  the  unbending  of 
its  parts,  and  ailing  equally  every  way,  and  this 
fucceffiv^ely  in  proportions  theadtion  of  the  fubtil 
matter,  in  its  pores.  This  power  diftributing  it^ 
felf  thro*  all  the  parts  of  thcj  phial  it  is  contained 
in,  that  mod  heated  coming  at  length  to  melt, 
yields  and  gives  the  air  padage,  which  accord- 
ly  idues  out  much  after  the  manner  as  out  of  an 
eolipile  ;  for  that  it  does  not  dilate  fuddenly  e- 
nough  to  burd  the  fides  of  the  phial  ^  but  when 
the  air  is  mixed  with  other  particles  of  matter 
fufceptible  of  a  great  motion,  and  a  quick  and 
fudden  dilatation,  it  then  produces  the  noife 
above-mentioned,  and  fhatters  the  vedel  to  pieces. 
We  donot  v;ell  conceive  the  mechanifm,  whereby 
thefe  little  particles  of  matter  make  this  havock, 
and  it  mud  be  confeded,  the  fmalled  experiments 
are  often  fufficient  to  perplex  a  naturalid,  who 
owns  no  other  power,  or  virtue  in  bodies,  but 
what  arifes  from  the  motion  and  figure  of  their 
parts. 

Not  foreign  to  this  purpofe,  are  two  other  ex¬ 
periments,  which  prove  the  furprizing  force  of 
the  dilatation  of  air,  which  thofe  who  deal  in 
fuch  experiments,  will  do  well  to  obferve,  for 

fear  pf  taking  ha^'m.  - - -  An  eolipile,  being 

placed  on  the  coals,  and  the  fire  raifed  to  a  con- 
fiderable  pitch,  it  fievv  from  off  the  trevit  againft 
the  foot  of  a  table,  a  yard  off,  with  fpree  fuffi¬ 
cient  to  batter  it,  and  continued  whirling  for  fome 
time  after. 


The 
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The  feconci  experiment  was  made' in  the  aca¬ 
demy  Del  Cimento^  where  a  glafs  tube  was  taken 
about  a  foot  and  half  long,  whofc  extremities 
terminated  in  two  globules  of  equal  capacity  ; 
one  whereof  was  open,  as  if  the  tube  had  been 
continped  thro’  it,  then  a  quantity  of  brandy 
was  poured  into  the  tube,  fufficient  to  fill  the 
lower  globule  and  half  the  tube  ;  after  which 
the  aperture  of  the  upper  globule  was  fealed  her¬ 
metically,  the  whole  being  plunged  in  a  vefiTel 
full,  of  oil,  which  was  made  boiling  hot,  by 
continually  blowing  on  the  fire,  the  brandy  rofc 
into  the  upper  globule,  and  burfi:  the  whole  with 
fo  much  violence,  that  ufing  another  time  a  cop¬ 
per  vefiel,  in  lieu  of  a  glafs  one,  its  bottom  was 
broke  out ;  and  another  time  when  an  iron  veflel 
was  made  ufe  of,*  near  the  thicknefs  of  a  crown- 
piece,  it  burfi:  in  like  manner,  and  carried  with 
it  a  fplinter  broke  off  from  the  pavement. 

II.  Obfervatio72s  of  the  quantity  of  'water ^ 

which  fell  at  the  obfervatory  during  the 
.  year  1709,  with  the  fate  of  the  ther?no- 

meter  and  barometer  ^  by  M,  de  la  Hire 

The  quantity  of  water  which  fell,  either  in  rain 
or  melted  fnow  was  in. 


Lin. 

L 

22  1 

July 

18 

Feb. 

^3  1 

Aug. 

10 

March 

20  t 

Sept. 

29 

April 

37  t 

oa. 

^7 

May 

32 

Novem. 

I 

June 

•  45  8 

Dec. 

1 1 

The  fumof  the  water  of  the  whole  year  1709, 
is  261  lines  f,  or  21  inches,  9  lines  which  is 
*  Jan.  8,  1710.  a 
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a  little  more  than  the  mean  years,  which  we 
have  determined  to  be  19  inches. 

We  fee  by  thefe  obfervations,  that  the  3  months 
of  Aprils  May^  and  June  have  afforded  almoft 
as  much  water  as  the  other  9,  and  it  is  what  gene¬ 
rally  happens  in  June^  and  Auguft ;  and 

this  is  the  reafon  that  the  fummer  corn,  which  is 
fown  very  late,  has  yielded  a  great  deal.  The 
great  quantity  of  fnow,  which  fell  during  the 
winter,  has  perhaps  contributed  to  the  fertility  of 
the  land  •,  and  if  the  wheat  and  rye  had  not  been 
frozen  in  the  root,  this  year  would  have  been  very 
plentiful. 

The  thermometer  which  I  ufe  for  meafuring 
the  heat  and  cold,  is  the  fame  which  I  have  pre- 
ferved  for  about  .40  years  *,  but  as  it  has  been 
placed  at  different  expofures  to  the  heavens,  ex¬ 
cept  for  the  laff  15  years,  we  cannot  make  a  very 
exaft  comparifon  of  the  firft  obfervations  with  the 
laft.  However  all  thefe  obfervations  being  al¬ 
ways  made  at  the  day-break  when  the  air  is  the 
coldeft,  we  may  conclude  by  them  pretty  exa<5lly 
all  that  we  can  know  by  the  means  of  this  inftru- 
ment.  I  fhall  only  obferve,  that  the  judgment, 
which  we  commonly  make  of  the  cold,  depends 
upon  many  particular  circumftances,  as  the  wind, 
the  humidity  of  the  air,  the  heat  or  cold  of  the 
preceding  days,  the  expofure  of  the  place  where 
one  is,  and  the  conftitution  of  bodies,  which  may 
confiderably  alter  it  ;  therefore  it  will  be  always 
more  fure  to  refer  to  the  thermometer. 

The  cold,  at  the  beginning  of  this  year,  was 
exceffive,  with  a  great  deal  of  fnow ;  for  my 
thermometer  fell  to  5  parts,  the  13th  and  14th  of 
January  *,  and  the  following  days  being  a  little 
rifen,  it  returned  to  6  parts  the  20th,  akd  the 
2ifl;  to  5  but  afterwards  the  cold  diminifhed 

gradually. 
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gradually.  This  great  cold  was  very  fenfible, 
tor  the  4th  of  this  month  this  thermometer  was  at 
42  parts,  which  is  very  near  a  mean  ftate,  which 
I  have  determined  to  48  ♦,  the  6th,  it  came  to 
30  ;  the  7th,  to  22  i  the  icth,  to  9  ;  and  at 
laft,  the  13th,  to- 5.  It  was  without  doubt  this 
fudden  change  which  appeared  fo  extraordinary, 
and  what  is  Hill  more  furprizing  is,  that  this  great 
cold  came  without  any  confiderable  wind,  or  it 
had  only  a  gentle  one  towards  the  fouth,  and 
then  when  the  wind  incrcafed,  and  turned  to¬ 
wards  the  N.  the  cold  lelTened.  This  cold  S. 
wind  muft  fhew  us  v/hat  really  happened  in  the 
countries  to  the  fouth  of  us,  where  the  Tea  was 
frozen  in  fome  parts  of  the  coaft  of  Provence^  and 
where  the  greateft  part  of  the  fruit-trees,  died  as 
well  as  in  this  country. 

I  had  never  obferved  this  thermometer  to  fall 
folow  as  this  year.  I  only  find  in  my  regifters, 
that  the  6th  of  pebruary\  1695,  the  thermometer 
was  fallen  to  7  parts  in  the  place  where  it  is  at 
prefent  ;  and  the  cold  of  that  year,  which  had 
begun  in  1 694,  was  looked  upon  as  one  of  the 
greatefl:  that  had  been  for  a  great  while,  but  we 
fee  that  it  is  not  at  all  to  compare  to  that  of  this 
year.  I  have  alfo  obferved  fometimes  this  ther¬ 
mometer  at  13  parts,  but  very  feldom. 

The  winter  of  this  year  lafted  a  great  while  *, 
for  the  13th  of  March  i?  froze  again  very  hard, 
the  thermometer  being  at  24  parts,  and  the  froft 
beginning  when  it  is  at  32. 

We  find  in  Mezerayh  Hifl.  of  France^  that 
the  winter  of  the  year  1608  was  very  long  and 
very  fevere,  and  that  the  greateft  part  of  the 
young  trees  were  frozen  :  however  that  year  was 
very  plentiful,  altho*  they  call  it  the  year  of  the 
great  froft  ,  but  by  the  comparifon  of  the  plenty 
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and  of  the  lofs  of  trees,  the  lafl  winter  mufl:  have 
lurpalTed  it. 

The  thermometer  was  at  the  highefl  at  65 
parts  the  nth  of  Auguft^  half  an  hour  after  4  in 
the  morning,  and  towards  3  in  the  afternoon  at 
75  parts.  In  the  mean  (late,  it  is  at  48  degrees 
at  the  bottom  of  the  caves  of  the  obfervatory. 
The  heat  of  this  year  has  been  much  lefs  than 
that  of  1707,  when  the  thermometer  rofe  to  al- 
moft  70  parts,  July  21,  in  the  morning,  and  in 
the  afternoon  to  82,  which  is  the  higheft  it  has 
been  in  this  country,  without  being  expofed  to 
the  fun. 

To  compare  the  obfervations  of  my  thermo¬ 
meter  with  thofe  that  fhould  be  made  with 
Amonton3^s^  of  which  he  has  had  a  great  many 
diftributed  in  fcveial  places,  1  have  placed  one, 
which  he  has  made  with  a  great  deal  of  care, 
next  to  that  which  I  commonly  ufe ;  but  as  it 
had  ferved  for  fome  particular  obfervations,  I 
had  not  put  it  clofe  to  mine  till  lafl  May,  We 
know  that  all  M.  Amonton^l^s  thermometers  have 
their  54th  degree,  or  54  inches,  which  marks  the 
temperature  of  the  air  of  the  caves  of  the  obferva- 
tory,  as  in  mine  the  48th  docs.  I  obferved  then, 
that  when  M.  Amontons*^  thermometer  was  at  ciz 
inches,  8  lines,  mine  was  at  63  parts  ;  fo  that  15 
parts  of  mine  anfwer  to  20  lines  of  M-  Amon- 
tons^s.  But  when  mine  marked  28  parts  laft  De¬ 
cember^  M.  Amontom's  m^iYktd  inches,  6\\n, 
which  gives  in  mine  20  parts  below  the  mean 
ftate,  and  in  that  of  M.  Amontens^s  30  parts, 
which  is  a  very  different  proportion  from  the  firft, 
and  might  be  caufed  by  the  inequality  of  the  in- 
Iide  of  the  tubes  \  and  as  that  of  M.  .Arnontons^^ 
is  very  fmall,  and  mine  middling,  I  fhould  be¬ 
lieve  that  the  inequality  might  be  greater  in 

'  M. 
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M.  Amontons^  than  in  mine.  However,  wc 
may  know  by  this,  that  we  can  have  nothing 
very  exadl  in  the  comparifon  of  thermometers  in 
different  countries,  and  tor  the  fame  tifne,  unlefs 
the  thermometers  have  been  rectified  by  one  ano¬ 
ther  in  all  forts  of  degrees  of  heat  and  cold,  and  I 
believe  it  will  not  'be  pofTible  to  find  two  equal  ; 
that  is,  of  which  equal  degrees  in  the  divifions 
anfw.er  to  equal  degrees  of  heat  or  cold. 

As  for  my  barometer,  it  is  always  placed  at 
the  top  of  the  great  hall  of  the  obfervatory  ;  I 
found  it  at  the  highcftat  28  inches,  3  lines  \  Ja7i, 
19,  with  a  calm  and  ferene  sky,  which  was  about 
the  time  of  the  greateft  cold  *,  and  the  31ft  of 
December^  it  was  at  28  inches,  3  lines  with  a 
very  thick  fog  and  calm.  It  was  alfo  feveral 
times  beyond  28  inches,  with  different  winds, 
partaking  rather  of  the  N.  than  of  the  S.  and 
always  without  rain.  I  obfer^ved  this  barometer 
at  the  loweft  at  26  inches,  7  lines  with  a  ftrong 
fouth  wind,  and  moderate  rain,  Dec,  1 6.  The 
difference  between  the  greatelf  and  lead  heights 
of  the  barometer,  was  therefore  i  inch,  8  lines, 
which  is  a  little  more  than  the  mean  difference 
that  is  obferved  here,  and  is  i  inch,  6  lines.  This 
inftrurhent  was  pretty  e>:a6t  in  foretelling  rain 
and  fair  weather,  according  to  the  common  no¬ 
tion. 

I  obferved  the  declination  of  the  loaddone 
with  the  farne  needle  of  8  inches  long,  and  in 
the  fame  place  where  I  ufed,  and  as  I  have  fliewed 
in  the  rnemoirs  of  the  preceding  years.  The 
24th  of  Dec,  lafl,  I  found  this  declination 
30'  toward  the  W.  from  whence  we  know  that 
this  declination  increafes  almoft  the  fame  quantity 
each  year. 


Ill 
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III.  A  comp  art  [on  of  the  obfervatiom  which 
we  made  here  at  the  obfernjatory  on  the  rairi 
and  winds^  with  thoje  which  M,  le  Mar¬ 
quis  de  Pontbriand  made  at  his  cafle  neat 
S.  Malo,  during  the  year  1709,  by  M.  de 
la  Hire 

It  is  for  fome  years,  that  M.  du  forar  has 
communicated  to  us  the  obfcrvations,  that  M; 
te  Marquis  de  Pontbriand  makes  at  his  caftle,  in 
the  fame  manner  that  I  make  them  here,  updri 
the  rain.  He  found,  that  there  fell  in  melted 
fnow  and  water  in  the  month  of 


Lines. 

Lines  i 

Jan. 

33  t 

Jaiy 

18  i 

Feb. 

Aug. 

5  i 

March 

30  4 

Sept. 

5 

April 

30  f 

Oddb. 

14 

May 

26  i 

Nov. 

3  i 

June 

23  4 

Decern. 

17  ? 

And  during  the  whole  year  225  lines,  or  18  in¬ 
ches,  9  lines. 

This- quantity  of  water  is  lefs  than  what  we 
found  here,  which  was  2t  inches,  9  lines,  and 
this  is  extraordinary ;  for  we  had  obferved  the 
preceding  years  that  it  rained  much  lefs  here  than 
in  that  country,  which  is  upon  the  border  of  the 
fea. 

We  fee  by  the  memoirs  of  M.  de  Pontbriand^ 
that  the  hard  froft  began  fome  days  fooner  in 
that  place  than  at  Paris  ;  but  it  fnoWed  here  at 
the  fame  time  with  a  N.  W.  wind.  There  was 


*  March  1 .  1710. 

VoL.III.  N?.  33. 
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but  little  wind  at  Paris^  and  that  was  towards 
the  fouth. 

The  month  of  Jan.  gave  there  33  lines  ^  of 
watery  and  at  Paris  on\y  22  lines  The  me¬ 
moir  fays,  that  the  hard  froft  diminilhed  at  the  end 
of  Jan,  and  began  again  in  Feb.  and  that  the  night 
between  the  23d  and  24th,  it  was  as  hard  as  from 
the  6th  to  the  i8th  of  Jan.  At  Paris.,  it  began 
again  alfo  in  Feb.  pretty  near  the  fame  time  ;  but 
it  was  much  lefs  than  in  Jan. 

He  adds  alfo  that  the  winds  were  very  violent 
at  N.  W.  but  at  Paris  they  were  only  very 
gentle,  and  toward  the  S. 

He  fays,  in  fine,  that  the  cold  has  not  been  fo 
great  with  him,  as  in  the  middle  of  Bretagne;^ 
which  muft  appear  to  have  been  fo,  becaule  of 
the  proximity  of  the  Tea,  the  humid  vapours  of 
which  abforb  a  part  of  the  great  cold,  as  ^we 
learn  from  all  the  experiments  ;  for  during  the 
hard  froft,  the  air  is  extremely  dry,  and  as  foon 
as  it  becomes  damp,  it  thaws. 

I  fhall  alfo  here  obferve  that  I  faw,  in  1679, 
in  the  king’s  garden  at  Bred^  fome  very  fine  ana- 
nas.,  or  pine* apples  in  the  open  ground,  and  I 
believe  they  had  pafTed  the  winter  there ;  per¬ 
haps  the  maritime  foil  contributed  to  it,  for  I  do 
not  believe  they  can  be  raifed  in  this  country. 

In  June  they  had  at  Pontbriand  only  23  lines 
^  of  water,  and  at  Paris  4^  lines  j-  :  alfo  at  Pa¬ 
ris  the  25th  and  26th,  it  rained  9  lines,  and  at 
Pontbriand  only  2 

In  Auguft  we  had  a  ftorm  in  the  night  between 
the  nth  and  12th,  with  7  lines  f  of  water,  and 
they  had  none  at  Pontbriand. 

In  September  we  had  again  a  ftorm  here  the 
night  between  the  13th  and  14,  which  gave  9 
lines  of  water,  and  none  at  Pontbriand  •,  befides 

there 
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there  fell  only  5  lines  of  water  during  this  whole 
month  at  Pontbriand^  and  above  29  lines  at 
Paris, 

In  Pbov,  the  quantity  of  water  at  Pontbriand 
was  2  lines  i,  and  at  Paris  a  little  lefs  than  i 
line 

In  Dec.  we  had  here  during  the  night  of  the 
15th  and  1 6th  a  fort  of  hurricane. 

In  general,  ail  the  winds  of  the  year  are  a  little 
different  at  Pontbriand  and  at  Paris^  and  pretty 
often  they  tend  more  to  the  N.  at  Pontbriand  than 
at  Paris  ;  which  may  be  occafioned  by  the  di- 
redlion  of  the  Englijh  channel,  and  by  all  the 
coafts  of  Germany^  Denmark  and  Norway^  and 
chiefly  when  the  wind  comes  between  the  N. 
and  W. 

IV.  A  comparijon  of  my  obfervations  nvith 
thofe  of  M,  Scheuchzer,  on  the  rain  aiid 
and  conjlitution  oj-  the  air ^  during  the  y eat 
3709,  Zurick,  /;/ Switzerland,  by  M., 
de  la  Hire 

M.  Scheuchzer  has  fent  me  the  obfervatlons 
that  he  has  made  upon  the  quantity  of  water 
which  fell  at  Zurich^  where  he  ftayed  during  the 
year  1709;  by  which  we  fee  that  the  iirft  fix 
months  have  given  him  172  lines  \  of  water,  Pa^ 
ris  meafure,  and  the  laft  208  lines,  which  make 
in  all  390  \  lines,  or  32  inches,  6  lines  \  \  but 
at  Paris^  there  fell  only  2  i  inches,  9  lines  ~  : 
he  adds,  that  this  year  has  furniflicd  i  inch,  10 
I  lines  more  than  the  preceding. 

By  the  comparifon  of  thefe  obfervations  we 

*  May  24,  1710. 
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know,  that  it  rains  much  more  in  Switzerland 
than  at  Paris, 

I  had  already  remarked  by  the  obfervations  of 
the  rain  made  at  Lyons,,  that  it  rained  there  much 
more  than  at  Paris,,  which  I  attributed  to  the 
mountains  of  Switzerland,,  which  are  not  very 
diifant  from  it  •,  and  which  is  confirmed  by  thele 
lall  obfervations.  For  it  is  not  to  be  doubted 
but  that  the  vapours,  which  are  fupported  in  the 
air  in  a  flat  country,  and  are  much  lower  than  the 
high  mountains,  when  they  come  to  meet,  flop, 
and  condenfe  there  in  a  cold  feafon  into  fnow, 
which  mufl:  produce  much  more  water,  being 
driven  by  the  winds  againfl:  the  rocks,  than  in 
xhe  places  where  they  do  not  flop  at  all ;  and  if 
the  air  is  hot  enough  to  hinder  thefe  vapours  from 
freezing,  they  gather  together  and  fall  in  rain, 
befides  the  fnow  which  then  melts,  and  of  which 
one  part  rifes  alfo  in  vapour,  caufes  there  very 
great  rains. 

As  for  M.  ScheuchzePs  obfervations  upon  the 
increafes  and  diminutions  of  the  river  Limage^ 
they  naturally  follow  thole  of  the  rains  and  melt¬ 
ings  of  the  fnow  in  the  feafon  when  that  happens. 

He  allb  adds  his  obfervations  upon  the  baro¬ 
meter  and  thermometer,  where  he  lliews  that  the 
greatefl  height  of  the  quickfilver  of  the  barome- 
cer  was  26  inches,  10  lines  I,  the  19th  of  Jan. 
and  the  lowed  26  inches  the  20th  and  28th  of 
Feb.  and  confequently  the  difference  was  only  10 
lines  I,  as  in  the  year  1708. 

The  mod  remarkable  thing  is,  that  my  baro¬ 
meter  was  alfo  at  the  higheft  the  19th  of  Jan.  at 
28  inches,  3  lines  j-,  with  a  calm,  which  is  the 
fame  day  that  it  was  at  the  highefl  at  Zurich,, 
and  that  the  difference  is  17  lines  *,  and  if  we 
would  conclude  from  hence  the  different  heights 

pf 
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of  the  places  where  thefe  obfervatlons  have  been 
made,  in  fuppofing  for  one  line  of  this  difference 
12  toifes,  3  feet,  as  I  have  determined  in  thefe 
quarters,  we  Ihould  fay,  that  the  place  where  M. 
Scheuchzer  obferved^  is  higher  than  the  middle 
of  the  obfervatory  where  my  barometer  is,  by 
212  toifes  -f-*  different  heights  at  which 

we  fee  the  fame  quickfilver  keep  in  different  tubes, 
altho*  in  the  fame  place,  may  leave  us  fome  fuf- 
picion  of  the  true  difference  of  the  heights  of 
thefe  places.  - 

As  to  the  lead  heights  of  M.  Scheuchzer^^  ba*- 
rometer,  which  was  at  26  inches  the  20th  and 
28  th  of  Feb,  it  does  not  altogether  agree  with 
mine  in  the  fame  days  for  Feb,  the  28th,  I  had 
27  inches,  2  lines,  with  a  moderate  wind,  and 
confequcntly  the  difference  of  our  barometers 
will  be  that  day  1 4  lines  inftead  of  1 5,  which  I  found 
in  the  greateft  height  2  perhaps  our  obfervations 
were  not  made  in  the  fame  hour,  and  the  wind 
might  alfo  occafion  fome  alteration  5  M.  Scheuch-^ 
zer  does  not  mark  thefe  circumftances.  But  Feb. 
20,  mine  was  at  26  inches,  10  lines,  with  a  high 
wind  at  fun-rifing  *,  thus  the  difference  would  be 
only  10  lines,  inflead  of  14  or  15  by  the  other 
obfervations,  and  mine  would  be  lower  than  it 
ought  by  4  or  5  lines.  Nor  was  my  barometer 
at  the  lowed  on  thofe  days,  for  I  obferved  it 
Dec,  16,  at  26  inches,  7  lines  with  a  high 
fouth  wind  ;  thus  the  quickfilver  of  the  barome¬ 
ter  has  much  greater  alterations  at  Paris^  than  at 
Zurich  in  Switzerland, 

I  think  we  might  attribute  thefe  forts  of  inequa¬ 
lities,  to  particular  caufes  ;  for  it  is  not  probable 
that  they  can  come  from  the  different  heights  of 
the  atmofphere,  which  make  the  weight  of  it,  in 
places  not  very  did^nt  from  one  another.  May 
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we  not  believe,  that  when  there  is  a  high' wind  and 
many  clouds,  and  chiefly  in  the  mountains,  as  in 
4S‘it;//2;cT/5«J,thewindIhouidcomprels  anucondenfe 
the  air  inclofcd  between  the  Turface  of  the  earth, 
the  rocks  and  the  clouds  ;  fo  that  it  v/fll  then  make 
a  much  ftronger  improflion  upon  the  quickfilver 
of  the  barometer,  than  if  there  had.  not  been  any 
wind?  But  as  in  chefe  forts  of  places,  where 
there  is  a  great  deal  of  water,  it  is  feldom  that 
they  have  neither  winds  nor  clouds,  fo  the  qukk- 
filver  of  the  barometer  will  for  thefe.reafons  fup- 
port  itfelf  there  almoft  always  higher  than  in  the 
plains. 

I  can  fry  nothing  to  .M.  Scheuchzer^s  obferva- 
tions  of  the  thermometer,  akho’  I  have  one  of  M. 
ylmontons^s  like  his,  which  is  a  thick  glafs  phial 
with  a  little  quickfilver,  which  rifes  into  a  little 
tube  open  at  the  top,,  as  he  had  conftrudled  them 
to  make  the  experiment  of  boiling  water,  but  I 
never  make  ufe  of  it,  becaufe  it  is  fubjedt  to  the 
diflerenc  changes  of  the  weight  of  the  air. 

V.  Of  the  necejjity  of  centring  well  the  ohjeEi 
glafs  of  a  telefcope^  by  M.  Caffini  the  fon^ . 

For  the  obferving  the  apparent  diftances  of 
the  ftars,  they  formerly  made  ufe  of  circles, 
femi-ciicles,  or  quadrants,  divided  into  degrees 
and  minutes,  and  furnifhed  with  four  fights,  of 
which  two  were  fixed  and  placed,  one  at  the  be¬ 
ginning  of  the  divifion,  and  -the  other  diametri¬ 
cally  oppofite.  The  other  two  were  born  upon  a 
rule  moveable  about  the  centre  of  the  inftrument, 
by  the  moderns  called  alhidade. 

Since  the  invention  of  telefcopcs,  they  have 
fubflituted  to  the  fights  two  tclefcopes,  one  of 
*  March  26,  1710. 

I  which 
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which  is  fixed  upon  a  line  parallel  to  the  radius, 
which  pafies  through  the  beginning  of  the  divi- 
fion,  the  other  is  placed  upon  a  rule  which  turns 
about  the  centre.  They  place  at  iht  focus  of  the 
objecft-glafles  of  thefe  telefcopes,  two  threads 
which  crofs  one  another  in  the  axis  at  right  an¬ 
gles,  one  of  which  is  parallel  to  the  plane  of  the 
inftrument,  and  the  other  is  perpendicular  to  it. 
They  put  the  eye-glafs  into  a  tube,  which  finks 
into  that  of  the  telefcope,  fo  that  the  threads 
which  crofs  one  another  are  at  \ts>  focus^  that  their 
intetfcdlion  may  be  well  diftinguiflied. 

Thefe  telefcopes  thus  difpofed  have  a  great  ad¬ 
vantage  over  fights,  becaufe  we  diilinguifli  by 
their  means  the  terreftrial  and  celelf  ial  objects,  with 
much  more  perfpicuity,  andobferve  more  exadly 
their  diftance  between  themfelves,  by  placing 
them  exadlly  in  the  interfedtion  of  the  threads 
which  crofs  one  another  at  their  focus  at  right 
angles  *,  but  it  is  neceflary,  that  the  objedf- glades 
be  well  centred,  that  is  to  fay,  that  they  be  every 
where  of  equal  thicknefs  at  their  circumference. 
For  Jet,  I,  2,  3,  4  be  the  tube -of  a  telefcope, 
which  has  at  one  end  of  its  extremities  an  objeci- 
glafs  A,  B,  C,  D  well  centred,  fo  that  the  centre 
E  of  this  glafs  be  exactly  in  the  axis  S,  E,  I,  O, 
of  the  telefcope  ;  let  there  be  at  the  other  extre¬ 
mity  an  eye  glafs  G  H,  of  which  let  the  centre 
I  be  alfo  in  the  axis  of  the  telefcope.  Let  S  bea 
very  diftant  objedt,  out  of  which  proceed  the  rays 
SB,  S  D  fnppofed  to  be  parallel,  which  falling' 
upon  the  furface  of  the  glafs  B  D,  are  refradted 
and  reunited  in  the  axis  in  L,  which  is  the  inter- 
fedtion  of  the  two  threads  of  filk  M  N,  PR, 
which  cut  one  another  at  right  angles,  and  of 
which  M  N  is  vertical,  and  P  R  horizontal.  Wc 

♦  Plate  Vk  Fig.  I. 
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fuppofe  the  point  Li  to  be  placed  to  the  focus  of 
the  lens  GJH,  in  fuch  a  manner,  that  the  rays 
G  L,  H  L,  which  proceed  from  this  point,  and 
fall  upon  the  furface  of  the  lens  G  H,  are  re¬ 
united  in  O.  The  eye  being  at  O  will  fee  the 
object  S  in  L  in  the  axis  of  the  telefcope,  and 
confequently  in  its  true  fituation. 

Jf  we  move  the  objedl-glafs  ABCDtoabcd, 
fo  that  the  centre  of  the  glafs  be,  for  example^  in 
F ;  then  the  rays,  that  proceed  from  the  obje(ft 

S,  will  be  reunited  at  the  point  T,  to  the  extre¬ 
mity  of  the  axis  S  F  T,  which  paiGTes  through 
the  centre  of  the  glafs  F,  and  the  rays  which 
proceed  from  the  point  T,  and  fall  upon  the  eye- 
glafs  G  H,  will  be  reunited  at  the  point  V,  where 
the  eye  being  placed,  will  fee  the  objetfl  S  in  T, 
in  a  very  dilferent  fituation  from  that  where  it 
appeared,  when  the  objeft- glafs  was  at  the  centre 
of  the  telefcope. 

If  we  now  fuppofe,  that  we  would  obferve  the 
diftance  between  two  ftars  with  two  telefcopes^ 
one  of  which  has  its  objedl-glafs  well  centred,  and 
the  other  not ;  if  we  incline  the  inflrument  to 
obferve  the  apparent  diftance  of  the  two  ftars, 
the  well-centred  telefcope  turning  by  this  motion 
about  its  axisy  the  centre  E  of  the  obje6t-glafs 
refts  in  the  axis  of  the  telefcope,  and  its  focus  falls 
upon  the  point  L  the  interfedion  of  the  threads ; 
but  the  centre  F  of  the  objedl- glafs  not  well  cen¬ 
tred,  will,  by  this  motion  deferibe  a  little  circle 
about  the  axis  E  L  of  the  telefcope,  and  the  point 

T,  where  the  rays  are  then  reunited  will  deferibe 
alfo  a  like  circle  about  the  centre  L  ;  fo  that  the 
apparent  diftance  between  thefe  two  ftars  obferved 
with  two  telefcopes,  one  of  which  has  its  objedil- 
glafs  well  centred,  and  the  other  not,  will  not  be 
their  true  diftance,  and  will  be  fubje(ft  to  irregu¬ 
larities. 
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larities,  which  cannot  be  remedied,  but  by  cen- 
ring  the  two  objedt-glaffs  exadlly,  or  dire(5ling 
them  one  upon  the  other  to  the  fame  objedt,  which 
comes  to  the  fame  thing. 

VI.  Obfervations  on  the  bezoar^  and  on  other 
Jubfiances  which  come  near  to  it^  by  M, 
GeofFroy,  junior. 

The  h exoar  is  thought  by  fome  to  derive  its 
name  from  the  Perjian  word  pazar  or  pazan^ 
which  fignifies  a  goat :  and  according  to  fome 
others,  it  comes  from  the  Hebrew  or  Chaldean 
word  beluzaary  which  fignifies  counterpoifon. 

The  firft  ftones,  known  under  the  name  of  be-- 
zoary  were  brought  from  the  eaft.  After  the 
difcovery  of  America,,  there  came  fome,  which 
bearing  fome  refemblance  to  the  former,  both  in 
ftrudlure  and  virtue,  had  the  fame  name  alfo, 
with  this  difference,  that  the  firfl  are  called  orien¬ 
tal,  and  the  others  octiidental  bezoars.  There 
are  other  ftony  fubftances  alfo  taken  from  animals 
and  difpofed  in  flrata,  which  have  been  called 
bezoar^  with  the  addition  of  the  name  of  the  ani¬ 
mal,  as  bezoar  of  the  ape,  and  bezoar  of  the 
cayman.  Some  taking  the  word  bezoar  in  the 
fignification  of  counterpoifon,  have  applied  it  in¬ 
differently  to  all  fubftances  endued  with  that  vir¬ 
tue  ;  hence  it  has  been  given  to  chymical  compo- 
fitions,  as  mineral  and  jovial  bezoar.  Others 
have  called  the  powder  of  the  heart  and  liver  of 
vipers,  animal  bezoar.  The  name  of  bezoar  or 
hezoartic.,  has  alfo  been  given  to  fome  artificial 
powders  or  ftones,  in  which  bezoar  is  an  ingre- 
dTent.  Such  are  the  different  bezoartic  powders, 
the  countefs  of  Rentes  powder,  the  ftonej;  formed 
of  this  powder,  and  the  Goa  ftone, 

VoL.  Ill,  33.  Uu  A? 
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As  the  bezoar  has  been  obfcrved  to  be  difpofed 
in  firata^  the  name  has  been  given  to  a  fort  of  fi¬ 
gured  flone,  found  in  America  in  feveral  places, 
to  which  alfo  the  fame  virtues  are  afcribed.  There 
are  bezoars  found  alfo  in  Ital)\  Sicily,  feveral 
parts  of  France^  and  efpecially  in  Languedoc, 

Thefe  are  the  different  fubftances  in  general, 
which  we  know  under  the  name  of  bezoar. 
properly  fpeaking,  the  bezoar  is  a  ftony  fubftance 
taken  ffom  fome  animal,  compofed  of  feveral 
Jirata.,  or  coats  like  onions,  and  endowed  with 
fome  power  of  refilling  poifon.  The  two  prin¬ 
cipal  fpecies  of  it  are,  as  we  have  faid,  the  orien¬ 
tal  and  occidental.  It  is  nor  eafy  to  diftinguifii 
what  animals  they  are  that  produce  them  ;  be- 
caufe  what  agrees  with  only  one  of  them,  may 
have  been  afcribed  to  both.  We  know  in  general, 
that  this  ftone  is  found  in  the  ftomach  of  a  fort 
of  wild  goat  which  browzes  upon  aromatic  plants. 
If  we  may  believe  Favernier.,  there  are  feveral 
found  in  the  fame  animal,  as  may  be  known  by 
feeling.  Thefe  flones  are  of  different  fhapes  and 
fizes :  fome  are  fhaped  like  a  kidney  ;  others  are 
round,  or  oblong,  or  of  an  irregular  figure.  Each 
ftone  is  compofed  of  feveral  plates,  and  formed  of 
a  greenifh  or  olive-coloured  fubftance,  fpeckled 
with  while.  Thefe  plates  adhere  to  each  ocher  in 
fuch  a  manner,  as  to  Ihew  upon  breaking  feveral 
ftrata  of  fubftances  of  a  different  thicknefs,  and 
fometimes  of  a  different  colour.  In  breaking 
thefe  ftones,  fome  plates  part  with  great  evennefs 
from  the  reft.  The  fame  thing  happens  upon 
rubbing  them  pretty  brifkly.  The  middle  or 
centre  of  the  ftone  is  commonly  a  hard,  gravelly,^ 
fmooth  fubftance.  The  bezoartic  jlrata.,  which 
cover  this  imfs,  are  cafily  crufhed  by  the  teeth, 

and 
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and  flick  to  them  as  if  they  were  fomethino-  glu¬ 
tinous,  and  tinge  the  fpittle.  ^ 

^  They  kindle  eafily  in  the  fire,  and  feem  to  con¬ 
tain  Tome  volatile  fait  and  oil.  The  matter  which 
remains  is  like  the  caput  mortuum  left  in  the  re- 
^rt  after  the  diflillation  of  animal  fubftances. 
Thefe  flones  are  very  fmooth  on  the  outfide,  but 
fometimes  a  little  rugged,  and  like  fhagreen  in 
lome  of  their  circumvolutions.  They  are  pretty 
tender,  and  give  a  yellow,  greenifli,  or  olive- 
coloured  tinge  to  paper  rubbed  with  chalk,  cerufe, 
or  lime,  on  being  drawn  pretty  hard  over  them, 
becaufe  they  wear  away,  and  leave  fome  of  their 
parts  upon  thofe  materials.  I  have  fteeped  2  of 
thefe  flones  cold  ;  i  in  water,  and  the  other  in 
fpirits  of  wine,  for  12  hours,  without  finding 
any  alteration  in  them.  1  have  left  the  fame 
flone  in  water  for  feveral  days,  and  there  came 
only  a  little  matter  from  it,  which  juft  troubled 
the  water,  and  yet  the  water  or  fpirit  of  wine  had 
penetrated  both  of  them. 

In  the  great  number  of  bezoar  flones  which  I 
have  opened,  I  have  found  that  many,  as  fome 
authors  relate,  had  chaff,  hair,  marcafites,  flones, 
or  gravelly  fubfta;nces  united  together,  and  as 
hard  as*  a  ftone  in  the  middle.  I  have  alfb  found 
talc,  wood,  kernels  almoft  like  cherry  ftones,  alfo 
myrobalan  ftones,  cjuarters  of  other  fruit-ftones, 
kernels  of  cajfia,  and  kidney-beans  inclofed  in  a 
coat,  or  outer  membrane,  hardened  by  the  mat¬ 
ter  which  has  formed  the  bezoar,  and  having  their 
own  membrane  drawn  back,  and  dried,  after 
having  been  fwoln.  In  others,  the  firft  coat  of 
the  kidney-bean  was  confumed  ;  and  the  ftones 
founded  like  eagle-ftones.  I  have  attempted  to 
prick  fome  of  thefe  ftones  with  a  red-hot  needle 
to  fee  whethe  y  were  counterfeit,  but  it  did 

U  2  not 
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not  enter,  and  only  imbrowned  the  place  where 
it  was  applied  *,  which  authors  propofe  as  one  of 
the  principal  marks  by  which  the  good  bezoar 
may  be  known,  imagining  that  thofe  are  to  be 
rejeded,  in  which  kidney-beans  are  found,  which 
they  look  upon  as  a  proof  that  they  have  been 
falfified  by  the  people  of  the  country. 

4  They  advife  us  to  choofe  the  bezoar  in  ftones 
of  a  middling  bignefs,  of  a  brown  colour,  turn¬ 
ing  quick  lime  yellow,  and  chalk  green,  not 
diffolving  in  water,  and  not  rifing  in  bubbles 
about  the  part  pierced  with  a  red-hot  iron,  for 
that  would  fhew  it  to  be  mixed  with  fome  refins. 
The  plates  alfo  muft  be  fine,  difpofed  in  firata^ 
and  the  flones  muft  be  taken  from  animals  which 
Jive  upon  the  mountains,  fuch  as  thofe  of  Perfia, 
After  all  it  feems  pretty  difficult  to  me,  to  coun¬ 
terfeit  the  bezoar  ;  and  with  a  little  pradice  we 
may  eafily  difcover  the  cheat,  if  there  is  any. 
For  if  it  was  counterfeited  with  plafter,  or  any 
fuch  like  matter,  it  would  not  change  either  with 
the  fire  or  water,  it  might  colour  the  quick-lime 
with  any  tindure  that  was  given  it  ;  and,  in  a 
word,  undergo  all  the  proofs,  though  it  was 
counterfeit. 

Nor  is  it  to  be  imagined,  that  in  order  to 
counterfeit  them,  they  pick  out  all  thefe  different 
fubftances  which  ferve  as  a  bafe  to  the  Jlrata^  of 
which  they  are  compofed,  fince  they  need  only 
begin  a  little  ball  of  the  fame  pafte,  which  pro¬ 
bably  is  not  fo  rare,  that  they  have  occafion  to  be 
faving  of  it. 

I  think  the  fubftances  inclofed  in  the  bezoar 
ferve  perfedly  well  to  inform  us  of  the  manner  in 
which  it  is  produced,  as  is  obferved  by  ; 

who  tells  us,  thefe  ftones  are  formed  about  little 
buds,  or  tops  of  the  branches  of  a  plant :  thefe 
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buds  of  Tavernier  may  be  the  kidney-beans  fpoken 
of  by  Monard^  which  1  have  obferved.  Thefe 
folid  and  undigefted  bodies  remaining  in  the  fto- 
mach  of  the  animal,  may  irritate  its  glands,  of 
which  the  lymph  thickened  with  the  leaven  of  the 
ftomach,  ftill  loaded  with  the  juice  of  the  aroma¬ 
tic  plants  on  which  it  has  juft  brouzcd,  may  have 
been  able  to  form  the  ftrata^  fo  fmooth  and  ex¬ 
actly  united,  that  art  would  find  a  difficulty  in 
imitating  it.  I  obferve  alfo,  that  whatfoever  body 
makes  the  centre  of  this  ftone,  the  jirata  of  it  are 
fo  fine,  and  fo  well  turned,  that  the  ftone  out¬ 
wardly  takes  the  figure  of  the  fubftance  contained 
within. 

If,  for  example,  there  is  a  ftraw,  the  ftone 
will  be  long;  if  it  is  a  ftone,  it  will  preferve  the 
figure  of  it ;  if  it  is  a  kidney-bean,  the  radicle 
will  appear  on  the  outfide;  and  a  line  which  le- 
parates  very  diftindlly  the  2  lobes  of  the  bean ; 
in  fhort,  we  may  know  by  the  ftiape  and  weight 
of  them,  what  they  contain.  Thus,  as  in  the 
choice  of  fo  precious  a  fubftance  as  the  bezoar, 
we  have  not  the  liberty  of  opening  all,  after 
having  been  well  aflfured  of  a  certain  number  of 
the  moft  doubtful,  upon  which  we  fhall  have 
made  the  preceding  experiments,  we  muft  refer 
to  the  fight  and  feeling.  By  the  fight  we  examine 
the  colour  immediately,  which' muft  neither  be 
too  pale,  nor  too  deep  ;  in  the  fecond  place,  the 
finenefs  of  the  grain,  the  fmoothnefs,  and  the 
clofenefs  of  its  texture,  which  keeps  the  plates 
from  rifing  eafily  above  one  another.  It  muft 
alfo  be  obferved,  that  they  have  a  regular  Ihape, 
as  of  a  kidney,  a  bird’s  egg,  or  fomcthing  like 
thefe.  The  touch  may  alfo  judge  of  the  matter 
inclofed  within  the  bezoar,  which  we  may  eafily 
determine  by  the  weight  of  it.  If,  for  example, 

the 
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the  bezoar  is  heavy,  the  bafis  will  be  a  (lone,  or 
fome  other  matter,  which  fills  up  the  greateft 
part  of  it ;  but  if  it  is  light,  it  will  be  hollow' 
within,  or  contain  only  i'ome  light  matter,  as 
hair,  or  fome  of  the  vegetable  fubftances  already 
mentioned.  The  (tones  which  rattle,  fliew  there 
is  a  fruit  within,  which  being  dried,  takes  up  lefs 
room  i  and  fometimes  it  is  rotted  or  broken  into 
a  duft,  which  fome  authors  greatly  elteem. 

I  have  alio  obl'erved,  that  when  bezoars  arc 
(haped  like  kidneys,  are  light  and  rattle,  they 
have  ufu.xlly  a  kidney-bean  in  the  middle.  Thofe 
which  are  light,  round,  and  a  little  flatted,  con¬ 
tain  a  round  flat  fruit,  almofl;  of  the  fhape  of  a 
caflTia  ftone.  Moreover,  though  thefe  (lones 
fhould  inclofe  a  ligneous  kernel,  or  even  bits  of 
wood,  the  lightnels  fhould  make  cheni  preferable 
to  thofe  which  contain  (lones,  which  alio  will  be 
a  great  deal  heavier,  provided  the  bezoartic  mat¬ 
ter  anfwers  the  other  proofs. 

The  whole  preparation  of  bezoar  for  common 
ufe  in  medicine  is,  to  reduce  it  to  a  fine  powder, 
either  to  give  it  in  fubflance,  or  to  make  it  enter 
into  fome  com pofi cions,  obferving  to  powder 
only  the  bezoarcic  parr,  and  to  feparate  all  the 
foreign  matters  which  may  be  found  in  the  heart 
of  the  bezoar,  efpecially  when  they  are  (lones  or 
other  fubftances,  which  have  no  bezoartic  virtue. 

There  is  a  great  dlverficy  of  opinions  about  the 
animal  w^hich  yields  the  bezoar.  It  appears,  that 
the  oriental,  which  is  brought  to  us  from  Pgypt^ 
Perfia^  India^  and  China ^  is  produced  by  a  fort 
of  goat,  called  by  the  Perftans^  Pazan^  or  by  a 
v/ild  goat  of  a  larger  fize  than  ordinary,  as  nimble 
as  a  flag,  with  its  horns  rever(ed  on  its  back, 
w' hence  Cuifius  calls  it  Caprictrva. 

That 
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That  which  is  brought  from  America^  is  pro¬ 
duced  by  a  fort  of  goat,  which  is  not  at  all,  or  but 
very  little  different  from  the  other,  except  in  its 
horns. 

The  different  opinion  of  authors  concerning  the 
names  and  fiffure  of  this  animal  make  me  believe, 
that  thefe  ftones  may  be  found  in  feveral  fpecies 
of  animals,  and  that  each  has  dcfcribed  what  he 
has  feen.  The  fame  reafon  may  ferve  to  prove 
the  caufe  of  the  different  colours  of  the  bezoar. 

The  occidental  bezoar  is  eafily  diflingufhed  by 
its  being  paler.  It  is  fometimes  of  a  light  grey, 
ingendered  upon  foreign  fubftances,  like  the  ori¬ 
ental  bezoar.  The  plates  are  fometimes  thicker 
and  ftriped  in  their  thicknefs. 

The  foffil  bezoars  are  a  fort  of  ftones  formed 
in  ftrata^  having  the  figure  of  the  animal  bezoar. 
They  are  ufually  of  a  light  grey,  their  Jlrata  are 
very  thin,  they  have  no  fmell,  and  are  ufed  in  the 
fame  difeafes  with  the  other  bezoars.  America^  as 
I  have  already  faid,  furniflies  us  with  a  great 
many  of  thefe  bezoars,  as  well  as  Itaiy^  and  fe¬ 
veral  parts  of  France. 

Thofe  who  have  treated.of  the  bezoar,  as  Caf- 
par  Bauhinus  have  comprehended  under  this 
name,  a  great  many  fubftances  that  have  no  re¬ 
lation  to  it,  which  can  only  caufe  confufion  in  na¬ 
tural  hiftory.  If  therefore  we  would  range  in  a 
convenient  order,  all  that  can  partake  of  'he 
the  name  of  bezoar,  I  believe  it  would  be  proper 
to  make  5  claffes  of  them. 

The  firft  would  contain  the  true  bezoars,  which 
are  the  oriental  and  occidental. 

In  the  fecond  we  might  place  all  the  ftones 
taken  from  animals,  which  relcmble  the  bezoar  in 
rheir  ftru^fture  and  vertue,  as  the  bvzoar  of  the 
ape,  that  of  the  Cayman.,  alfo  the  dift'erent  forts 
of  pearls,  and  the  crab’s  eyes.  *  In 
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In  the  third,  the  different  forts  of  foflil  be- 
zoars. 

'In  the  fourth,  fubftances  figured  like  the  be- 
zoar  without  its  virtues,  as  the  human  ftone,  either 
of  the  bladder,  kidneys,  or  gall-bladder,  with 
rhofc  which  are  found  in  the  gall-bladder  of  oxen, 
and  ocher  animals. 

In  the  fifth,  the  egagropilis^  which  are  a  fort 
of  balls  of  different  figures,  pretty  light,  formed 
of  a  mafs  of  hairs  and  fibres  of  plants,  which  the 
animals  could  not  digeft.  Thefe  fibres  and  hairs 
are  fo  interwoven  as  to  form  but  one  body,  which 
refembles  a  ball  of  felt.  There  are  fomc  which 
are  covered  again  with  a  thin  bezoartic  cruft. 
They  commonly  grow  in  the  firft  ftomach  of  all 
ruminating  animals,  or  in  the  ftomach  of  thofe 
which  do  not  ruminate.  Such  are  the  ftone  of 
the  wild  porcupine,  and  the  other  balls  of  hair 
found  in  goats,  cows,  oxen,  and  other  animals. 


VII.  An  infeS  upon  [nails,  by  M.  de  Reau 
rnur^  ^  tranjlated  by  Mr»  Chambers. 


All  the  animals  hitherto  obferved  which  live 
upon  other  animals,  may  be  reduced  to  two 
kinds ;  for  either  they  live  on  the  external  furface 
of  the  body  of  the  animal,  as  the  lice  found  on 
quadrupeds,  birds,  and  even  feveral  infers,  as 
flies,  beetles,  hornets,  or  they  live  in  the 
body  of  the  animal,  under  which  kind  may  be 
ranged' the  feveral  forts  of  worms  which  have  been 
difcovered  by  diffcdlion  in  the  bodies  of  feveral 
animals. 

The  new  infedls  I  have  obferved  on  fnails  does 
not  come  under  either  of  thefe  kinds,  but  has 
fomething  in  common  to  both;  for  it  fometimes 
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inhabits  the  external  furface  of  the  body  of  the 
fnail,  and  fometimes  hides  itfelf  in  the  vifcera 
thereof. 

By  the  collar  of  a  fnail  is  meant,  that  part 
which  encompafTes  its  neck.  This  collar  is  of  a 
confiderable  thicknefs  •,  and  ’tis  little  other  than 
the  thicknefs  of  this  collar  we  perceive  when  the 
fnail  fhrinks  into  its  fhell,  fo  as  neither  to  let  its 
head  nor  bafis  be  feen,  of  which  you  may  con¬ 
ceive  an  idea  by  fig,  2,  the  triangular  fpace  B  fi- 
tuate  in  the  middle  of  the  aperture  of  the  fhell  is 
a  remainder  of  the  bafis  of  the  •  animal,  which  is 
furrounded  on  all  fides  by  the  thicknefs  of  the  col¬ 
lar  ;  and  ’tis  on  this  part  of  the  collar,  that  the  in* 
fe6ls  we  are  to  fpeak  off  are  found,  they  are 
reprefented  in  the  fame  figure  by  the  letters 
CCCC,  ific.  or  rather  by  the  dotted  lines  which 
'.proceeding  from  thofe  letters,  terminate  in  thefe 
animalcules ;  they  are  never  eafier  to  obferve,  than 
when  the  fnail  is  thus  totally  inclofed  in  its  fhell, 
tho’  they  may  be  perceived  in  feveral  other  cir- 
cumftances.  The  bare  eye  without  any  affiftance 
of  the  microfcope,  fuffices  to  difcover  them  *,  but 
they  are  rarely  feen  at  reft,  being  in  a  continual 
hurry,  running  about  with  great  agility,  which  is 
fomewhat  fingular;  the  motion  of  fuch  kinds 
of  in  feds  being  ufually  very  flow. 

Notwithflanding  the  fmallnefs  of  thefe  animal¬ 
cules,  there  is  not  room  for  them  to  go  upon  the 
upper  furfaces  of  the  body  of  the  fnail,  the  fhell 
being  too  exa6lly  fitted  thereon  but  there  is  terri¬ 
tory  enough  befides  to  travel  in  the  fnail  giving 
them  entrance,  as  oft  as  it  opens  its  anus.  This 
anus  is  likewife  placed  in  the  thicknefs  of  the  col¬ 
lar,  in  the  place  marked  by  A  ;  it  is  here  repre¬ 
fented  fhut  •,  but  the  animal  rarely  comes  out  of 
its  foell  without  opening  it  ;  befides,  that  it  opens 
.  •  VoL.III.  33.  Xx  ic 
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it  on  feveral  other  occafions,  it  may  be  feen  open 
in^.  3.  where  it  isalfo  denoted  by  the  letter  A. 

It  feems  as  if  the  little  infects  waited  with  im¬ 
patience  for  the  fiivourable  minute,  when  en¬ 
trance  fhould  be  given  them  into  the  ample  theatre 
of  the  inteftines  of  the  fnail,  at  leaft  they  never 
mifs  the  opportunity  of  prefenting  themfelves 
when  occafion  offers  *,  gathering  to  the  edge  of  the 
hole,  they  immediately  flip  into  the  fame,  running 
along  the  parietes  thereof,  fo  that  a  few  minutes 
after,  not  one  infedl  is  left  on  tlie  collar.  The 
letter  D  in  fig,  3.  fhews  fomeof  thefe  animalcules 
preparing  to  enter  into  the  inteftines  by  the  anus. 

The  eagernefs  wherewith  they  endeavour  to 
get  in,  feems  an  indication  that  this  is  their  moft 
.commodious  place  of  refidence,  how  then  fliould 
they  come  on  the  collar?  Tis  poffible  they  never 
do  it  but  againft  their  inclination,  of  which  the 
continual  hurry  they  are  under  feems  a  proof.  In 
,efFe(ft:  the  fnail  obliges  them  to  go  lodge  there,  as 
often  as  it  voids  its  excrements  ;  for  thofe  excre¬ 
ments  pofTeffing  almoft  the  whole  width  of  the 
'inteftine,  muft  neceffarily  drive  before  them  every 
thing  they  meet  in  their  way.  The  little  infers 
therefore  upon  their  arrival  at  the  edge  of  the 
cinus,^  are  forced  to  go  upon  the  collar,  and  in 
regard  this  operation  of  the  fnail  continues  fome 
time  they  walk  about  all  this  while  on  the  col¬ 
lar,  as  having  it  not  in  their  power  to  re-enter 
when  they  pleafe,  in  regard  the  fnail  has  fre¬ 
quently  fhut  the. door,  while  they  were  frifking 
on  the  outfide. 

What  has  been  hitherto  faid,  may  be  obferved 
.of  all  the  fpeciesof  fnails,  tho’  moft  frequently  of 
the  large  garden  fnails  reprefented  in  fig,  2  and  3. 
But  there  are  fome  forts  wherein  this  inft6l  may 
be  difeovered,  even  in  the  middle  of  the  intef¬ 
tines  ; 
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tines  ;  as  in  the  little  fpecics  of  fnails  reprefented 
by  fig.  4  and  5.  The  Charadteriftick  of  this 
fpecies  is  a  kind  of  lid  denoted  by  O,  confiding 
of  a  matter  equally  folid  with  that  of  the  fhell, 
and  by  means  whereof  the  animal  can  inclofe  it- 
felf  all  around  when  it  pleafes,  as  fea  fnails  do, 
whereas  the  collar  of  the  common  land- fnails  is 
bare,  unlefs  in  winter  and  fome  dry  feafons,  when 
they  flop  the  aperture  of  their  fliell  with  a  kind 
of  foam  which  comes  to  a  confiftence  as  it  dries  ; 
but  this  occafional  lid  never  adheres  to  the  body 
of  the  animal,  like  that  above  mentioned  ;  nor  is 
it  comparable  thereto  in  folidity.  Breaking  the 
fliell  of  one  of  thefe  little  fnails  about  the  place  E 
fig.  4.  and  thus  laying  the  fkin  of  the  animal  bare 
as  in  fig.  5.  the  infedt  will  be  frequently  dif- 
Govered  in  the  very  body  of  the  fnail,  by  reafon 
this  coat  or  fkin  is  tranfparent,  and  lets  us  fee  thro* 
it,  as  thro’  aglafs  *,  the  letter  C  reprefents  two  in¬ 
fers,  as  viewed  thro’  the  fkins  of  the  fnail. 

Tho’  we  find  thefe  infedls  on  all  the  fpecies  of 
fnails,  yet  not  at  all  times  indifferently,  and  very 
rarely  in  rainy  feafons.  Not  to  give  our  felves  ufe- 
lefs  trouble,  we  are  only  to  look  for  them  after  a 
drought,  which  perhaps  may  be  proper  to  hatch 
them,  or  even  to  prevent  the  deftrudfion  of  thofe 
already  formed.  When  the  earth  is  very  moift,  the 
body  of  the  fnail  is  faturated  with  water,  which 
afterwards  oozing  much  more  vifcid  thro’  the  col¬ 
lar  and  bafe  of  the  fnail,  forms  feveral  drops 
thereon,  the  fmalleft  of  which  drops  fuffices  ta 
deftroy  feveral  of  thefe  infedts ;  not  that  they  are 
afraid  of  being  drowned  therein,  as  in  a  kind  of 
little  fea,  this  liquor  is  to  them  a  folid  body,  and 
each  drop  may  be  to  them,  what  the  fall  of  a 
building  is  to  us.  I  mean  it  may  overwhelm  and 
crufh  them  by  its  weight,  whenever  by  the  motion 
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of  the  fnail,  one  of  thefe  drops  happen  to  be  tum¬ 
bled  from  one  place  to  another. 

Be  this  as  it  will,  ’tis  certain  that  drynefs  pro¬ 
motes  their  formation,  as  appears  from  the  fol¬ 
lowing  fa6b,  which  I  have  repeated  feveral  times  ; 
gathering  fnails  in  moift  weather,  and  after  a 
careful  examination  finding  no  infe6ls  in  them,  I 
put  them  in  vefTels  where  the  lofs  of  the  watry  hu¬ 
mour,  continually  evaporating  from  them,  could 
not  be  repaired,  and  viewing  the  lame  fnails  fome- 
time  after,  I  never  failed  to  find  feveral  infeds 
thereon,  having  fometimes  told  twenty  on  the 
fame  animal.  In  5  or  6  day  *,  I  have  fometimes 
found  a  few,  but  in  3  weeks  never  failed  of  a 
large  quantity. 

The  body  alone  of  the  fnail  is  a  foil  proper  for 
thefe  infeds,  which  are  never  feen  on  the  fliell  ; 
or  if  they  be  compelled  thither  are  not  long  ’ere 
they  recover  the  collar,  from  whence  they  were' 
driven. 

To  the  bare  eye  they  ufually  appear  of  a  very 
white  colour,  though  fome  of  them  feem  a  little 
brownifh,  and  others  lightly  tinged  with  red. 

A  good  microfeope  is  neceflary  to  perceive 
their  feveral  parts  diflindly  *,  by  this  they  appear 
as  in  fig.  6.  and  7  ;  the  former  whereof  reprefents 
their  upper  fide,  and  the  latter  their  under  fide. 
The  letter  T  in  each  figure  fhews  their  trunk, 
which  however  only  appears  in  part  in  fig.  6  *, 
but  the  manner  in  which  it  bends  under  may  be 
feen.  This  trunk  in  all  likelihood  ferves  them  to 
fuck  the  fnail  ;  it  is  placed  in  the  middle  between 
two  little  horns  CC,  which  are  very  movable, 
like  thofe  of  other  inlcds,  both  upwards,  down¬ 
wards,  and  laterally  •,  and  what  is  more,  are  ca¬ 
pable  of  extending  and  contrafting,  like  the 

horns 
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horns  of  Inails,  whence  the  animalcule  is  fre- 
<]uenciy  feen  without  perceiving  its  horns. 

Its  body  is  divided  into  6  annuli^  and  the  an¬ 
terior  part  to  which  the  trunk  and  horns  are 
joyned.  It  has  4  legs  on  each  fide,  the  2  foremoft 
whereof  are  articulated  to  the  anterior  part ;  and 
the  2  hind  ones  to  the  firft  ring;  the  fecond  and 
third  are  faftened  further  from  each  other,  than  ’ 
tlie  firft  and  fecond  ;  or  the  third  and  fourth : 
thefe  legs  are  befet  with  large  hairs,  and  feem  to 
terminate  in  three  or  four  points,  much  like  the 
legs  of  feveral  kinds  of  beetles,  when  the  Jaft.arti- 
culation  is  removed,  which  terminates  in  two  little 
hooks.  Their  back  is  round,  and  raifed  with 
regard  to  their  fides,  which  are  like  wife  rounded, 
and  have  3  or  4  large  hairs  upon  them  ;  their  anus 
is  likewife  furrounded  with  4  or  5  hairs  of  an  fe- 
qual  length  ;  but  there  are  none  on  its  belly, 

VIII.  ReJleBions  on  the  ohfervations  of  the 
flux  and  reflux  oj  the  fea  made  at  Dunkirk, 
by  M,  Baert,  projejfor  of  hydrography^ 
during  the  years  1701,  and  1702;  by 
M,  flun.  ^  tranflated  by  M,  Ch^m- 

bers, 

Ohfervations  of  the  ebbing  and  flowing  of  the 
fea,  being  of  great  importance  for  the  fecurity  of 
navigation,  and  for  the  choice  of  times  moft 
luitable  for  coming  in,  or  going  out  of  ports,  and 
it  being  withal  of  great  confequence  to  the  fei- 
ences,  to  learn  whether  they  have  any  connedlioti 
with  the  motions  of  the  moon  ;  and  whether  the 
variations  to  which  they  are  fubjedt,  are  reduci¬ 
ble  to  any  rules,  a  circular  memoir  was  drawn  up 

1  July  12,  1710,. 
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by'  the  academy,  and  at  their  requeft,  fent  by 
the  count  de  Pontchartrane^  into  feveral  ports  of 
France^  with  orders  to  make  exadt  journals  of 
fuch  obfervations. 

Among  others,  M.  Baert^  profefTor  of  hydro¬ 
graphy  at  Dunkirk^  was  intrufted  with  this  care, 
of  which  he  acquitted  himfelf  with  all  the  applica¬ 
tion  and  accuracy  that  could  be  defired. - 

He  chofe  a  place  for  his  obfervations  in  the  inclo- 
fure  of  the  admiralty,  where  the  fea  has  no  other 
confiderable  motion,  but  that  of  the  flux  and  re¬ 
flux  *,  here  he  built  a  lodge  both  for  fhelter  from 
the  weather,  and  to  prevent  being  difturbed  in 
his  obfervations:  this  done,  he  fixed  a  fquare 
tube  *  EFGH,  perpendicular  to  the  furface  of 
the  fea,  being  compofed  of  4  boards  open  at  bot¬ 
tom  in  GH,  that  the  water  might  enter  freely  in, 
and  rife  to  a  level  with  the  fea,  and  doled  a-top 
in  EF,  by  a  lid  E  AF,  which  had  a  little  hole 
in  A,  14  lines  in  diameter,  thro’  which  paffed 
a  wooden  ruler  T  K,  on  the  lower  extremity 
whereof  was  a  little  fquare  board  LM,  fomewhac 
blunted  at  the  corners  to  prevent  fridtion ;  under 
which  board  was  faftened  a  piece  of  cork  4  inches 
thick,  which  floating  on  the  furface  of  the  water, 
made  the  wooden  ruler  TK  rife  and  fall  according 
as  the  tide  rofe  and  fell.  This  ruler  was  divided 
into  feet  and  inches,  whereby  to  eftimate  the  in- 

creafe  or  diminution  of  the  tide.* - We  omit 

in  this  account  feveral  circumftances  of  this  ma¬ 
chine,  which  fhews  the  great  accuracy  of  M.  Ba- 
/r/’s  obfervations,  and  are  related  at  large  in  a 
letter  to  father  Gouje^ 

It  may  be  neceflfary  here  to  obferve,  that  all  the 
meafures  of  the  height  of  the  fea  were  taken  with 
regard  to  a  fixed  point,  which  is  on  a  level  with 
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the  top  of  the  boards  bordering  the  key,  near  the 
fluice  of  the  bafon,  dire6lly  on  the  afcent  towards 
the  citadel,  which  is  a  part  of  the  key  which  the 
fea  never  goes  beyond  ;  nor  muft  it  be  omitted, 
that  the  dire6lion  of  the  canal  at  Dunkirk^  is 
north-weft  by  north,  that  its  length  from  the 
mole-heads  near  the  road  to  the  place  of  obferva- 
tion  is  1435  fithoms,  and  its  breadth  36  fathoms 
at  the  mouth,  and  1 6  where  narrowed  ;  notwith- 
ftanding  which,  there  is  no  confiderable  difference 
between  the  time  of  high  water  at  the  place  of  ob- 
fervation,  and  that  againft  RisbanCy  as  was  found 
5  feveral  times,  by  the  fineft  days  of  fummer,  by 
minute  watches.—- For  underftanding  of  what 
follows,  it  muft  be  obferved,  that  we  call  it  high 
water  when  the  flood  is  rofe  to  its  greateft  height ; 
and  low  water  when  the  ebb  is  fallen  to  its  greateft 
depth.  The  greateft  tides  are  thofe  when  the 
flood  is  the  higheft  poffible ;  and  the  fmalleft 
tides  thofe  when  the  flood  is  the  lowed  poflible. 

The  journal  of  M.  Baerth  obfervations  of  the 
tides,  begins  on  the  24th  of  Marchy  1701,  and 
ends  on  the  31ft  of  Mayy  1702  ;  it  expreffes  for 
ev^ery  day  the  height  of  the  water  in  the  time  of 
flood,  and  fome  hours  before  and  after,  with  re¬ 
gard  to  the  fixed  point  abovementioned,  in- 
creafing  in  number  downwards,  in  order  to  find 
the  proportion  between  all  the  heights  of  tides 
which  he  had  occafion  to  obferve.  To  find  the  pre- 
cife  time  he  had  drawn  a  meridian  line  with  great 
exadlnefs,  whereby  to  regulate  his  clock  from 
time  to  time  *,  thus  ohferving  the  hour  and  mi¬ 
nute  wherein  the  water  was  at  the  fame  height, 
both  in  rifing  and  falling,  he  took  the  middle 
between  the  two  obfervations  which  were  neareft 
the  high  water,  the  one  before,  and  the  other  after 
it,  for  the  precife  time  of  high  water,  which  he 

found 


'3J?4  HisTORV^7wi  Memoirs  of  the 

•  •  •  f  f  * 

found  more  convenient  than  to  make  ufe  of  re¬ 
moter  diftanCes,  having  obferved  in  m'any  expe¬ 
riments,  that  the  Tea  fid  Is’  fomewhat  more  (lowly 
than  it  rifes.  He  alfo  obferved  the  winds,  and 
the  temperature  of  the  air  on  each  day  of  obfer- 
vation. 

As  to  the  irregularity  of  the  progreffion  ob¬ 
ferved  both  in  the  rifing  and  filling  of  the  tide, 
M.  Baert  dares  not  determine,  whether  the  winds 
be  the  caufe,  or  whether  we  are  to  fuppofe  that 
the  fea  is  moved  by  waves  far  dillant  from  each 
other  ;  and  by  others  which  follow  clofe  together. 
• - As  to  that  balancing  upwards  and  down¬ 

wards,  obferved  at  each  high-water,  he  takes  th-e 
caufe  to  be  natural  ;  for  as  the  fea  in  approaching 
the  coafts  meets  with  an  obftacle,  it  may  rife  a 
little  above  its  level,  which  will  oblige  it  to  return 
again ;  and  thus  make  a  flow  fort  ,of  vibrations 
near  the  place  where  the  obftacle  is,  which  will 
fcarce  be  perceivable  elfewhere,  by  reafon  of  tlx; 
winds. 

To  be  able  to  compare  the  obfervations  of  high 
water,  and  fee  whether  their  irregularity  be  redu¬ 
cible  to  any  rule  more  certain  than  has  yet  been 
done,  M.  Baert  has  drawn  a  table  wherein  is  cx- 
prefled  for  every  day  from  the  24th  of  Marcl\ 
1701,  to  the  laft  of  May  1702,  the  moon’s  place 
at  noon  in  longitude  and  latieude  in  two  fepa^are 
columns.;  her  age  at  the  time  of  high  water  in  a 
third  column  ;  the  precife  time  of  high  water  in  a 
fourth  ;  the  height  of  water  below  the  fixed  point 
in  the  fifth  ;  the  moon’s  palTage  over  the  meridian, 
in  the  fixth,  and  in  the  feventh,  and  eighth,  the 
diredion  and  ftrength  of  the  wind  and  ftate  of  the 
weather. 

The  firft  thing  that  occurs  upon  confidering  the 
times  of  high  water  at  Dunkirk  is,  that  on  .the 

days 
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days  of  full  moon  the  flood  happens  about  noon, 
though  not  fo  exactly,  but  that  we  fometimes  find 
a  difl'erence  of  a  whole  hour,  as  may  be  obferved 
in  the  1 5  fucceflive  obfervations  made  thereof;  the 
high  water  which  came  the  earlieft,  was  on  the 
19th  of  Juljy  at  24  minutes  paft  1 1  in  the  morn¬ 
ing  ;  and  the  latefl:  on  the  i  yth  of  September^  at  24 
minutes  pafl:  12  in  the  afternoon,  which  gives  a 
variation  of  an  hour  in  the  times  of  the  tides  on 
the  days  of  full  moon  ;  which  variation  being  di¬ 
vided  into  2,  gives  the  mean  rime  of  high  water 
at  Dunkirk^  about  6  minutes  before  noon. 

To  fix  fome  rule  in  this  variation  of  the  time 
of  the  tides,  on  the  days  of  full  moon  it  mufl:  be 
obferved,  that  the  retardations  of  the  tide  from 
one  day  to  another,  bears  fome  analogy  to  the 
motion  of  the  moon,  whofe  paflage  over  the  me¬ 
ridian  is  retarded  about  49  minutes  daily.  On  this 
footing,  when  the  times  of  full  moon  concurs  with 
the  time  of  high  water,  there  muft  neither  be  an¬ 
ticipation,  nor  retardation,  in  the  time  of  high 
water  ;  but  when  the  full  moon  happens  in  the 
morning  before  high,  water,  the  moon’s  paflage 
over  a  horary  circle,  is  retarded  two  minutes  in  an 
hour,  with  regard  to  the  fun  *,  and  confequently 
there  mufl:  be  an  equal  retardation  in  the  time  of 
high  water  ;  whereas,  when  the  full  moon  hap¬ 
pens  after  high  water,  the  moon  being  not  yet  at 
its  full,  when  the  water  is  at  its  height,  there 
mufl;  be  an  acceleration  in  the  time  of  high  water 
obferved. 

Suppofing  this  acceleration,  or  retardation  of  2 
minutes  in  an  hour,  we  have  a  rule  for  deter¬ 
mining  the  variation  of  the  tides  on  the  days  of 

full  moon. - For  an  inftance,  on  the  19th 

of  1701,  the  high  water  was  found  at  24 

VoL.lII.  N^33.  Yy  mi- 
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minutes  pad  1 1  in  the  morning,  which  is  the 
greateft  acceleration  obferved  by  M.  Baert ;  and 
full  moon  for  that  day  is  marked  in  the  alma¬ 
nack  at  50  minutes  pad  i  r  in  the  evening ; 
hence  the  high  water  mud  have  gained  about  24 
minutes,  which  being  fubdraeded  from  1 1  hours, 
54  min,  the  mean  time  of  the  tides  at  Dunkirk^ 
gives  II  hours,  30  minutes  for  the  time  of  high 
water,  within  6  minutes  of  that  found  by  obferva- 
tion. — Again,  on  the  17th  of  Sept.  1701,  the 
day  on  which  the  greated  retardation  of  the  tides 
was  found,  high  water  happened  at  24  min.  pad 
12,  and  full  moon  at  56  min.  pad  5  in  the 
morning,  confequently  high  water,  by  the  rule 
above  afligned,  mud  have  been  retarded  1 2  min. 
which  added  to  1 1  hours,  54  min.  give  12  hours, 
6  min.  for  the  time  of  high  water,  within  18 
min.  of  that  found  by  obfervation. 

It  mud  be  obferved,  that  whereas  in  the  ob¬ 
fervation  of  the  19th  of  y«/jy,  the  wind  was  north- 
north-ead  ;  on  the  17th  of  Septemher.y  it  was 
fouth  and  very  frefh  at  the  time  of  high  water, 
w^hich  might  have  contributed  to  the  retardation 
of  the  tide ;  for  the  waves  being  driven  by  the 
tide  againd  the  coads  of  Dunkirk.,  from  north  to 
fouth,  their  motion  might  eafily  be  retarded  by 
the  fouthern  wind,  which  coming  from  fhore, 
blew  diredtiy  againd  the  tide  *,  furmifing  from 
this  obfervation,  that  the  winds,  according  to  their 
different  dire6tions,  may  occafion  either  accele¬ 
rations,  or  retardations  of  the  tide,  we  examined 
the  obfervations  made  on  the  15th  of  Nov.  1701, 
the  day  of  full  moon,  the  wind  being  at  fouth, 
and  very  frefli,  according  to  the  rule  above  laid 
down,  full  moon  having  happened  at  4  minutes 
pad  5  in  the  evening,  we  mud  fubdracd  10  min. 

from 
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from  1 1  hours,  54  min.  which  gives  the  time  of 
high  water  at  1 1  hours,  44  min.  in  the  morn¬ 
ing,  16  min.  earlier  than  in  the  obfervation,  which 
fixed  it  at  12  hours,  o  min.  In  this  obfervation 
therefore,  as  well  as  in  that  of  September^  there 
was  a  retardation  in  the  tide,  which  may  likewife 
be  attributed  to  the  wind,  which  blowing  at 
fouth-weft,  muft  have  checked  the  motion  of  the 
tide.  On  the  contrary,  in  the  high  water  on  the 
1 2th  of  Aprils  1702,  full  moon  happened  at 
.0'’ — 13'  in  the  evening,  and  it  was  high  water  at 
1 1'" — 45'  in  the  morning,  the  wind  being  at  north- 
north- weft,  and  very  frefti.  By  the  rule  there¬ 
fore,  high  water  ftiould  have  happened  at  1 1  — 
54',  which  is  9'  later  than  was  actually  obferved  ; 
fo  that  in  this  obfervation  was  an  acceleration, 
which  may  be  attributed  to  the  north-north-weft 
wind,  which  blowing  diredlly  on  the  coaft,  con¬ 
curred  with  the  tide,  and  made  it  earlier  than  it 
would  otherwife  have  been. 

In  the  other  tides,  obferved  by  M.  Baert  at 
full  moons,  the  winds  were  either  weak,  or  fo 
difpofed,  that  they  could  neither  hinder  nor  pro¬ 
mote  the  motion  of  the  tide  any  thing  confidera- 
bly,  fo  that  no  regard  was  had  to  the  effedls  pro¬ 
duced  by  them. 

When  a  like  comparifon  of  M.  Baert^s  obfer- 
vations  of  high  water  for  1 5  fucceflive  new  moons, 
from  the  8  th  of  Aprils  1701,  to  the  26th  of 
1702,  we  find,  that  the  earl ieft  came  on 

the  29th  of  Nov.  at  1 1'' - 20'  \  in  the  morning, 

the  new  moon  for  that  day  being  at  10'’ - 1 1' 

in  the  evening  •,  and  that  the  lateft  was  found  on 
the  27th  of  1702,  at  o — 47' in  the  even¬ 

ing.  A  new  moon  happening  that  day  at  3  — 
54  in  the  morning,  the*  difference  between  the 

Yy  2 
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times  of  thefe  two  tides  being  divided  into  two, 
we  have  the  mean  time  of  high  water  at  Dunkirk 
in  the  new  moons,  at  12^ — 4',  which  only  differs 
10'  from  the  mean  time  of  the  tides  at  full  moon. 

This  difference  being  inconfidcrable,  high  water 
at  Dunkirk  may  be  fuppofed  in  the  new  moons, 
as  well  as  in  the  full  moons,  to  happen  at 
1 1*" — 54'  in  the  morning  ;  fo  that  ufing  the  rule 
above  prefcribed  for  determining  the  variations 
of  the  tides,  on  the  days  of  full  moon,  we  fliall 
have  the  time  of  high  water  on  the  8th  of  May, 
1701,  at  12''— 15,  which  is  within  20  min.  of 
what  was  adually  obferved  ;  and  the  time  of 
high  water  on  the  27th  of  y^pr/Y,  1701,  at  12'' — 
30',  within  37'  of  the  obfervation,  which,  in 
fome  meafure,  reconciles  thofe  two  obfervations, 
which  wereil’ — 26  diftant  from  each  other. 

As  to  the  winds  obferved  at  the  time  of  high 
water  in  the  new  moons,  they  do  not  feem  to 
haften  or  retard  the  flood,  fo  regularly  as  was  ob¬ 
ferved  in  the  full  moons,  which  may  arife  hence, 
that  the  motion  of  the  tide  arifes  from  a  compli¬ 
cation  of  feveral  caufes,  fome  whereof  may  be 
unknown  •,  befidcs,  that  ’tis  difficult  to  afcertain 
the  precife  time  of  high  water.  The  time  while 
k  remains  full  flood,  without  either  fenfibly  rifing, 
or  falling,  being  according  to  M.  Baert^s  obfer¬ 
vation,  f  rom  12  to  20,  or  30',  it  muft  be  ob¬ 
ferved,  that  the  tides  happening  on  the  days  of 
full  and  new  moons,  are  not  the  highefl:  tides  *, 
but  that  the  highefl  happen  i,  2,  or  3  days  af¬ 
ter,  as  appears  from  30  obfervations  made  there¬ 
of,  only  two  of  which  happened  the  day  before 
full  moon  ;  fo  that  upon  a  medium,  one  may 
fuppofe,  that  the  highefl  'tide  at  Dunkirk  hap¬ 
pens 
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pens  two  days  after  new  or  full  moon,  as  M. 
Baert  has  obferved. 

’Tis  commonly  fuppofed,  that  the  higheft  tides 
happen  in  the  new  and  full  moons  next  the  equi¬ 
noxes,  and  yet  by  comparing  the  obfervations 
made  at  Dunkirk^  we  find,  that  the  higheft  tide 
happened  on  the  30th  of  Nov.  1701,  when  its 
height  above  the  fixed  point  a  day  after  full 
moon,  was  found  3  feet,  2  inches  *,  and  on 
the  27th  and  28th  of  Feb,  1702,  when  it  was 
found  3  feet,  3  inches. 

The  great  height  of  thefe  two  tides,  ’tis  true, 
may  be  attributed  to  fome  extraordinary  caufe  5 
for  on  the  29th  of  Nov.  1701,  the  day  of  new 
moon,  the  high  water  was  found  6  feet,  8  in¬ 
ches,  below  the  fixed  point,  which  was  one  of 
the  loweft  tides  that  had  been  obferved  ;  and  on 
the  day  following,  it  was  found  3  feet,  2  inches, 
which,  as  above  noted,  was  the  higheft  tide  that 
had  been  known  at  Dunkirk,  On  this  and  the 
preceding  day,  there  was  a  violent  fouth-weft 
wind,  which  on  the  day  of  new  moon,  might 
have  driven  back  the  waters,  and  hindered  their 
rifing  to  the  ufual  height,  till  returning  with 
more  impetuofity  on  the  day  following,  they  rofc 
even  beyond  their  cuftomary  pitch,  and  thus 
made  a  kind  of  balance  ;  in  effe<5l  on  the  next 
day,  viz.,  the  firft  of  December  was  obferved  4 
feet,  2  inches  below  the  fixed  point,  which  is 
above  a  foot  lower  than  on  the  day  before  ;  and 
on  the  fecond  of  December^  it  was  3  feet,  1 1  in¬ 
ches  higher  than  on  the  firft  *,  whereas,  according 
to  the  common  rule,  it  fhould  all  along  have 
been  on  the  finking  hand,  fo  that  we  may  fup- 
pofe  this  alternate  motion  caufed  by  a  violent 
fouth-weft  wind  to  have  lafted  4  days. 


Much 
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Much  the  fame  fluduation  was  obferved  on  the 
27th  and  28th  of  Feb,  1702,  when  the  height  of 
the  fixed  point  above  the  fea  was  found  3  feet, 
3  inches  ;  for  on  the  26th  of  Feb.  the  day  of 
new  moon,  the  high  water  was  obferved  5  feet, 
6  inches  below  the  fame  fixed  point,  occafioned 
by  a  great  north- weft  wind.  On  the  27th  in  the 
morning,  the  wind  was  fouth-weft,  and  at  10 
a-clock  turned  to  north-weft,  high  water  on 
this  day  was  obferved  3  feet,  3  inches  below  the 
fixed  point,  which  is  2  feet,  3  inches  higher, 
than  on  the  day  preceding.  On  the  28th,  it  was 
found  at  the  fame  height ;  but  on  the  firft  of 
March^  high  water  was  found  2  feet,  7  inches 
lower,  than  on  the  28th  Feb.  and  on  the  fe- 
cond  of  March,,  it  was  a  full  foot  higher,  than 
on  the  firft,  tho’  it  fhould  rather  have  funk  ;  fo 
that  here  was  a  kind  of  vibration,  excepting 
that  there  was  no  variation  between  the  heights 
of  the  27th  and  28th  of  Feb.  which  might  be 
owing  to  the  winds  ftiitting  fo  fuddenly,  from 
fouth-eaft  to  north -weft,  on  the  27  th  in  the 
morning. 

We  have  fufficient  grounds  therefore  to  fup- 
pofe,  that  the  winds  may  increafe  or  diminifh  the 
height  of  the  tides,  after  the  fame  manner  as  they 
have  been  fhewn  to  occafion  accelerations  and  re¬ 
tardations  therein  ;  and  ’tis  probable  likewife, 
that  the  difpofition  of  the  channel  of  the  fen,  and 
the  fituation  of  the  fhores,  may  contribute  their 
fhare  to  the  producing  variations  very  difficult  to 
be  reduced  to  any  certain  rules. 

As  the  higheft  tides  after  new  and  full  moon, 
do  not  always  happen  at  Dunkirk  about  the  equi¬ 
noxes,  it  has  been  enquired,  whether  fome  other 
caufe,  for  inftance,  the  different  diftance  of  the 
^  moon 
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moon  from  the  earth,  might  not  contribute  to 

their  increafe,  or  diminution. - For  fuppofing, 

as  we  may  very  eafily  do,  that  the  caufe  of  the 
ebbing  and  flowing  of  the  fea  arifes  from  the  pref- 
fion  of  the  moon,  upon  the  fluid  matter  between 
the  moon  and  the  earth,  it  will  follow,  *that  the 
further  diftant  the  moon  is  from  the  earth,  the 
lefs  will  this  prelTion  be,  and  confequently  the 
tide  the  lower  on  the  contrary,  the  nearer  the 
moon  is  to  the  earth,  the  greater  will  be  its  ' 
prefllon,  and  confequently  the  tide  higher. 

According  to  our  theory  of  the  moon,  which 
gives  an  exadt  reprefentation  of  the  motion  of  that 
planet,  and  its  feveral  diftances  from  the  earth, 
fuch  as  found  from  the  apparent  variation  of 
its  diameter,  ’tis  fuppofed,  that  when  the  fun’s 
place  meets  with  the  place  of  the  moon’s  apogee, 
the  moon  being  now  in  conjundion,  is  at  her 
greatefl:  diffance  from  the  earth  ;  and,  on  the 
contrary,  at  its  fmalleft  diftance,  when  in  oppo- 
fition.  About  6  months  after,  when  the  fun  meets 
with  the  moon’s  perigee,  the  mOon  is  then  at  her 
leafl;  diflance  from  the  earth  in  conjundions,  and 
at  the  greatefl  in  oppofitions ;  and  when  the  fun 
is  3  figns  diftant  from  the  moon’s  apogee  or  pe¬ 
rigee,  on  each  fide  the  moon  is  at  the  fame  di¬ 
ftance  from  the  earth,  whether  ftie  be  in  conjunc¬ 
tion  or  oppofuion. 

If  we  now  compare  M.  Baert^s  obfervations, 
made  when  the  fun  was  near  the  apogee  and  pe¬ 
rigee  of  the  moon,  for  about  the  mean  diftances, 
we  fhall  find,  that  the  high  and  low  tides,  both 
in  the  new  and  full  moons,  correfpond  to  the 
different  diftances  of  the  moon  from  the  earth  ; 
and  that  when  the  fun  is  in  the  mean  diftances, 
the  tides  arc  pretty  nearly  of  an  equal  height  in 

the 
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the  conjundions  or  oppofitions  immediately  fol¬ 
lowing. 

For  an  inftance,  in  the  full  moon  which  hap¬ 
pened  on  the  2ift  of  March^  1701,  the  fun  was 
near  the  moon’s  apogee,  being  17  degrees  16/ 
therefrom,  the  moon  therefore  being  then  in  op- 
pofition,  was  according  to  our  theory  near  the 
earth,  and  confequently  the  tide  muft  have  been 
high  accordingly.  On  the  26th  of  March^  two 
days  after  full  moon,  the  height  of  the  fixed 
point  above  the  furface  cf  the  water,  was  4  feet, 
3  inches,  which  was  one  of  the  highefl  tides  that 

had  been  obferved.  - - And  in  the  next  new 

moon  that  happened  on  the  8th  of  Aprils  the 
diftance  of  the  fun  from  the  moon’s  apogee 

beino;  - 21'  the  moon  was  far- 

ther  diftant  from  the  earth  than  in  the  preceding 
oppofition  *,  whence  it  follows,  that  the  tide  mult 
have  been  lower,  as  it  was  obferved  accordingly, 
the  height  of  the  fixed  point  above  the  level  of 
the  fea  on  the  10th  of  April  being  found  5  feet, 
8  inches. 

’Tis  true,  according  to  the  common  opinion, 
which  fuppofes  that  the  highcft  tides  happen  neareft 
the  equinoxes,  the  tide  mufl  have  been  higher 
on  the  26th  of  March^  than  on  the  loth  of  A- 
pril ;  but  for  the  fame  reafon,  in  the  following 
full  moon  of  the  2  2d  of  Aprils  the  diftance  from 
the  equinox  being  increafed,  the  tide  fhould  have 
been  lower  than  on  the  loth  of  Aprils  whereas  it 
was  really  higher  by  i  foot,  i  inch,  conformably 
to  what  fliould  have  been  from  the  fituation  of  the 
moon,  which  was  farther  from  the  earth  on  the 
8th  of  than  on  the  2  2d  :  whence  it  ap¬ 

pears,  that  the  higheft  or  lowed  tides  bear  a 
nearer  relation  to  the  didance  of  the  moon  from 

the 


I 
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the  earth,  than  to  the  diftance  of  the  fun  from 
the  equinoxes. 

For  the  eafier  making  this  comparifon,  we 
•have  drawn  up  the  following-  table  ;  in  the  firft 
column  whereof  are  expreffed  the  days  and  hours 
of  the  new  and  full  moons  ;  In  the  2d,  the  time 
of  high  water  obferved  at  Dunkirk^  on  the  days 
of  new  and  full  riioon  ;-in  the  3d,  the  time  of 
high  water  calculated  according  to  the  preceding 
rule ;  in  the  ’4th,  the  height  of;  the  fixed  point 
above  the  furface  of  the  fca  at  the  time  of  high 
water*,  in  the  5th,  the  fun’s  diftance  from  the 
apogee  of  the  moon  ;  in  the  6ch,  the  diflance’of 
the  moon  from  the  earth,  at  the  time  of  new  and 
full  moon,  with  regard  to  the  mean  diftance, 
which  is  fuppofed  to  be  100000  parts ;  in  the 
7th,  the  day  of  the  higheft  tide  ;  and  in  the  8th, 
the  height  of  the  fixed  point  above  the  furface  of 
the  fea. 


Z  z 
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A  T"AB  LE  of  the  times  and  heights oj  the 


~  r  *  « 

Time  of  new  and  full 
moons. 

Time  of  hitii 
•I’aier  founc 
by  obft'rva- 
'ion. 

Time  ot  h  gh 
v3te<  fconri 
)y  calcuU* 
tion. 

liClM.t  0 
ihc  fxea 
point. 

1701. 

H.M. 

H. 

M. 

H. 

M. 

F.  inX. 

0 

24  Mar.  at 

8  36  M. 

1 1 

45 

12 

I 

4 

1 1 

• 

8  Apr. 

10 

54  M- 

12 

21 

1 1 

5^ 

5 

1 1 

C!) 

22  Apr. 

5 

16  E. 

I  r 

44 

ti 

43 

5 

5 

• 

8  May, 

I 

42  M. 

12 

35 

12 

>5 

6 

2. 

CO 

22  May, 

2 

18  M. 

12 

8 

12 

*3 

5 

3 

• 

6  June, 

2 

28  E. 

1 1 

50 

1 1 

49 

6 

6 

0 

20  June, 

0 

26  E. 

1 1 

43 

1 1 

53 

6 

2 

0 

6  July, 

0 

58  M. 

12 

9 

1 2 

16 

5 

10 

,0 

19  July, 

I  I 

50  E. 

1 1 

24 

1 1 

30 

6 

6 

0 

4  Aug. 

10 

15  M. 

1 1 

48 

1 1 

>7  X 

5 

7  6 

0 

18  Aug. 

2 

6E. 

1 2 

2 

11 

50 

5 

10 

a 

2  Sept. 

6 

cE. 

1 1 

37 

1 1 

42 

5 

7  6 

0 

17  Sept. 

?  ^6  M. 

12 

24 

12 

6* 

6 

I 

• 

2  061. 

2 

20  M. 

1 1 

46 

12 

13 

3 

1 1 

0 

16  061. 

1 1 

24  E 

1 1 

42 

1 1 

31 

6 

5  - 

0 

31  061. 

1 1 

24  M. 

1 1 

39 

1 1 

55 

4 

6  4 

0 

15  Nov. 

5 

4  E. 

12 

0 

1 1 

44 

5 

lO 

0 

29  Nov. 

10 

1 1  E. 

1 1 

20  i 

1 1 

33  ¥ 

6 

8 

0 

15  Dec. 

10 

16  M. 

1 1 

55 

In 

57 

6 

1 1 

0 

29  Dec. 

10 

47  M. 

1 1 

5^  1 

1 1 

56 

5 

0 

1702. 

0 

14  Jan. 

I 

12  M. 

12 

9 

1 2 

16 

5 

6 

0 

28  Jan. 

I 

38  M. 

1 1 

46 

12 

*5 

5 

9 

0 

12  Feb. 

3 

2  E. 

1 1 

32 

1 1 

48 

6 

2 

0 

26  Feb. 

6 

15  E. 

1 1 

57 

1 1 

4* 

5 

6 

lo 

14  Mar. 

1 

48  M. 

12 

13  f 

1 2 

*4 

5 

6 

0 

28  Mar. 

1 1 

7  M 

12 

>°  ¥ 

'll 

56 

5 

10 

c. 

12  Apr. 

0 

13  E. 

1 1 

45 

1 1 

53 

4 

3 

0 

27  Apr. 

3  49 

1 2 

47 

12 

10 

5 

1 1 

/ 

1 1  May, 

4  59  E- 

1 1 

36 

1 1 

44 

5 

6 

0 

26  May, 

8 

27  E.  1 

1 1 

47 

1 1 

37 

6 

10 
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tides y  in  the  new  md  full  moons  at  Dunkirk. 


Diuance  oi  (fi< 
fea  from  tf< 
moon’s  apoget 

Alliance  of 

jie  moon 
•Vom  the 
•^rth  in 
v'oniunft. 
nd  Oppnf. 

Day  of  the 
higheft  tide* 

4eiglit  of 
the  water 
‘herein. 

s.  b.  M. 

F.In.L. 

0  ly  16 

9377* 

26  March. 

4  3' 

1  0  21 

105589 

10 

5  8 

24  April. 

4  7 

1 1  Ma.y. 

6  1 

23  May. 

5  I 

7  June. 

6  0 

3  *  33 

99713 

21  June. 

576 

5  16  2 

98372 

7  July. 

556 

22  July. 

5  10 

6  Auguil* 

4  9  <5 

22  Auguft. 

5  1  6 

6  September. 

3  10  6 

5  iS  10 

106340 

19  September. 

k  5 

6  i  13 

93460 

2  Oftober. 

1 

17  Odlober. 

4  0 

30  O(5lober. 

‘3  10  6 

■ 

* 

16  NovemlyeT. 

5  6 

'30  November. 

3  2 

17  and  rS  Dec. 

6  3 

30  December. 

3  7  . 

1702. 

9  4  37 

100013^ 

14  January. 

5  6 

9  *7  ^9 

1004771 

30  January. 

5  6 

i  ; 

13  February. 

4,  6  ! 

27  and  28  Feb. 

3  3  • 

15  March. 

■4  6 

'30  March 

5  2: 

'I  22  5^ 

935'9 

15  April. 

3'  *0  1' 

0  5  52 

106496 

26  April. 

5  4  * 

13  May. 

4  4 

29  May.  ' 

Z  z  By 
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By  this  table  it  appears,  that  when  the  fun’s 
diftance  from  the  apogee  of  the  moon  is  about 
3  or  9  figns,  the  height  of  the  water  on  the  day 
of  the  higheft  tide,  is  nearly  equal  both  in  con- 
jun6lions  and  oppofitipns. 

As  to  the  lowed  tides,  out  of  the  new  and  full 
moons,  they  do  not  ufually  happen  in  the  qua¬ 
dratures,  but  I,  2,  or  3  days  after fo  that  we 
may  fuppofe  them  at  a  medium,  to  happen  2 
days  after  the  firft  and  laft  quarter  ;  as  we  like- 
wife  obferve,  that  the  higheft  tides  commonly 
happen  2  days  after  the  new  and  full  moon. 

The  lowed  tide*  happened  on  the  8th  of  Fth, 
1702,  the  high  water  being  then  10  feet,  2  in¬ 
ches  below  the  fixed  point  ;  and  the  higheft  tide, 
as  already  obferved,  was  on  the  30th  of  Flovem, 
1701,  when  the  high  water  was  3  feet,  2  inches 
below  the  fame  point ;  fo  that  the  difference  be¬ 
tween  the  higheft*  and  lowed  tides  at  Dunkirk 
was  7  feet. - r  But  what  is  further  remark¬ 

able  is,  that  the  height  of  the  tides,  which  hap¬ 
pen  in  the  quadratures, .  feems  likewife  to  depend 
on  the  diftance  of  the  moon  from  the  earth,  the 
flood  being  found  higher  when  the  moon  is  near 
the  earth,  and  lower  when  Ihe  is  farther  diftant 
from  it  \  fo  as  the  height  is  much  the  fame  in  the 
firft  and  laft  quarter,  when  the  moon  is  equally 
diftant  from  the  earth. 

According  to  the  theory  of  the  moon,  when 
the  fun  is  about  three  figns  diftant  from  the 
moon’s  apogee,  the  moon  in  her  quarter  is 
in  perigee,  and  in  her  laft  quarter  in  apogee,  and 
confequently  the  flood  fhould  be  higher  in  the 
firft  quarter,  and  lower  in  the  laft.  On  the  con- 
,trary,  w'hen  the  fun  is  about  9  figns  diftant  from 
the  moc  n’s  apogee,  the  moon,  if  in  her  firft  quar- 
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ter,  is  in  apogee,  and  in  her  laft  in  perigee  *,  con- 
fequcntly  high  water  muft  be  lower  in  the  firit 
than  in  the  laft  quarter  ;  and  when  the  fun  is 
either  in  the  moon’s  apogee,  or  perigee,  the  moon 
is  at  an  equal  diftance  from  the  earth,  both -in  the 
firft  and  laft  quarter,  and  confequently  the  tides 
muft  be  equal  in  each. 

But  the  agreement  between  the  heights ~of  the 
tides,  and  the  different  diftances  of  the  rhbon 
from  the  earth  in  the  quadratures,  will  be  jrnore 
eafily  obferved,  by  means  of  the  following  table. 


39?  T’be  History  j«(/Memoirs  of  the 
A  TA  B  LE  of  the  times  and  heights  of 


.  Day  and  hour  of  the 
quadratures. 

Time  of 
!uRh  water 
by  obfer- 
vatioji. 

Time  of 
Ivijh  water 
by  calcu¬ 
lation. 

Height  of 
the  fixed 
yoint. 

1701. 

H.  M.  , . 
at  6  32 

H.M. 

5  36E. 

H.  M. 

F.In.L 

3  n  3*  Mar. 

5 

27 

8 

6 

i  PI  16  Apr. 

2  8  M. 

5  40 

5 

36 

9 

3  ^ 

3  □  *9  Apr. 

10  25  E. 

4  44 

4 

55 

8 

i  6 

1  p)  15  May 

9  6  M. 

5  30 

S 

22 

8 

4  ^ 

3  p)  29  May 

3  38  E. 

5  26 

5 

9 

8 

7 

I  □  13  June 

2  z6  E. 

5  7  f 

5 

7 

7  H 

3  □  28  June 

9  14  M. 

5  16  M- 

5 

22 

8 

7  ^ 

1  □  12  J  ly 

7  17  E. 

4  48  1 

5 

2 

6 

6  £ 

3  □  28  July 

2  23  M 

5  20  f 

5 

36 

8 

8  2 

I  □  1 1  Aug. 

I  14  M. 

5  23 

5  38 

7 

0  t 

3  □  26  Aug. 

6  6  E. 

4  31 

5 

4 

8 

0  £ 

I  □  9  Sept. 

9  20  M. 

5  39 

5 

22 

5 

7  ^ 

3  □  25  Sept. 

7  58  M. 

5  '8 

5 

24 

9 

2  6 

i  □  8  oa. 

8  47  E. 

4  51 

4 

59 

7 

0 

3  □  24  Od. 

7  50  E. 

4  43 

5 

I 

8 

5  6 

1  □  7  Nov. 

0  17  E. 

5  34 

5 

16 

6 

I  I 

3  Q  23  Nov. 

6  0  M. 

S  24  1 

5 

28 

7 

5 

I  □  7  Dec. 

7  31 

5  58 

=5 

25 

7 

5 

3  □  22  Dec. 

8  4^  E. 

5  15  i 

4 

59 

7 

6  a 

1702. 

I  □  6  Jan. 

S  47  M. 

5  5* 

29 

8 

4  ^ 

3  □  20  Jan. 

10  41  E. 

I4  49 

4 

55 

7 

8 

I  □  5  Feb. 

2  34  M. 5  18 

5 

35  i 

7 

8 

3  □  19  Feb. 

6  33  M. 5  23 

5 

27 

6 

2 

I  □  6  Mar. 

10  24  E. 

;4  33  f 

4 

55 

9 

2 

3  □  20  Mar. 

3  47  E. 

'4  35 

5 

9 

7 

10 

I  □  ?  Apr. 

2  9  E. 

4  57 

5 

1 2 

5 

2 

3  □  19  Apr. 

3  39  M. 5  27  1 

5 

33 

8 

2 

1  U  ?  May 

1  59  M. ;  45  i 

S  36  I 

9 

3  3 

3  U  18  May 

4  4E. 

5  *7 

5 

10 

8 

4 
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the  tides  in  the  quadratures -at  Dunkirk, 


L>iitance  ( f  tne 
fon  fiom  the 
iDOon’s  ape- 

tee. 

o/lS  di- 
itancefTo«i 
{he  earth 
in  the  qu.>- 
ctrarurex. 

Time  ot 

owelt 

water. 

Time  ol  the 
loweil  tide. 

Heig/.t  ot 
the  fixed 
po  nt  above 
water. 

S.  D.  M. 

r 

E.  In.  L. 

2  and  3  ApriJ. 

9  z 

17  April. 

9  5 

I  May, 

9  10 

16  May. 

8  8 

30  May, 

9  4 

2  26  40  97615 

1 4  June. 

7  11  2 

3  9  ‘7 

106250 

30  June. 

9  3 

■5  J“>y- 

8  I  6 

29  July. 

9  0 

* 

15  Auguft. 

8  6 

29  Auguft. 

9  3 

1 1  September. 

8  7 

5  25  8 102165 

27  September. 

IO  I 

6  6  30 

102275 

1 1  Odober. 

9  7 

26  Odober. 

9  5 

9  November. 

9  i 

26  November. 

8  46 

8  December. 

9  6  6 

23  December' 

7 

1  28  20 

106425 

5  January. 

S  5  . 

9  iO  2‘ 

97717 

20  January. 

7  8  , 

8  February. 

IO  2 

21  February. 

8  7 

8  Jvfarch 

IO  I 

22  March. 

9  7 

8  April. 

8  IO 

11  28  56 

IOI725 

20  April. 

9  3 

0  12  40 100856 

5  May. 

9  3  3 

1 

19  May. 

9  '  31 

1 
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If  now  we  confider  the  retardation  of  the  tides, 
from  day  to  day,  we  fliall  find  it  liable  to  feveral 
irregularities,  there  being  a  retardation  of  i’' — 54', 
between  the  2d  and  gd-of  1701,  and  an 

anticipation  of  30',  between  the  J5th  and  i6th 
of  O5loher  \  fo  that  it -would  be  difficult  to  give 
rules  for  finding  the  time  of  high  water  daily  at 
Dunkirk^  within  a  few  minutes  of  truth,  as  we 
have  done  for  the  days  of  new  and  full  moon. 

Our  fifrt:  enquiry  was,  whether  thofe  irregularities 
bore  any  analogy  to  thofe  of  the  true  motion  of 
the  moon,  which  gains  or  lofes,  with  regard  to 
the  mean  motion  ;  but  finding,  that  they  were 
frequently  a  contrary  way,  I  have  been  obliged 
to  lookelfewhere  for  the  caufes  of  fuch  variations. 

- —  In  order  hereto,  we  have  compared  the  times 
of  high  water,  obferved  on  the  days  of  the  qua¬ 
dratures,  and  find,  that  on  the  day  of  the  firft 
and  lafb  quarter  of  the  moon  high  water  happens 
at  Dunkirk^  nearly  about  the  lame  time  as  wc 
had  before  obferved,  that  high  water  happens 
Rearly  at  the  fime  time  in  the  new  and  full 
moons. 

Among  the  29  obfervations  made’at  the  quadra¬ 
tures.  that,  wherein  the  flood  was  mpfl:  accele¬ 
rated,  happened  on  the  26th  Auguft^  1701, 
at  4^ - ^1';  and  that  wherein  it  was  moft  re¬ 

tarded,  on  the  7th  o’t  December^  1701,  at  5^ — * 

58':  fo  that  there  is  a  variation  of  i‘’ - 27',  in 

the  time  of  high  water  at  the  quadratures,  which 
is  greater  by  i',  than  that  obferved  at  new  and 
full  moons.. 

To  affign  fome,  rule  for  this  variation,  we  fup- 
pofe,  that  the  mean  time  of  high  water  in  the 
quadratures  happens  at  Dunkirk  at  5'' — 6'  in  the 
evening,  and  to  or  from  this  time  add,  or  fub- 
ftradf  for  every  hour,  which  the  time  of  the 

quadrature, 
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quadrature,  exprefTed  in  the  almanack,  antici¬ 
pates  or  comes  behind  this  mean  time  of  high 

water. - For  an  inftance  on  the  31ft  of  March^ 

1701,  the  day  of  the  quadrature,  high  water  was 
obferved  at  Dimkirk  at  5^— — 36'  in  the  evening. 
Now  the  laft  quarter  of  the  moon  is  fixed  for 
that  day  at  6 - 32  in  the  morning,  by  the  al¬ 

manack  ;  and  the  difference  between  6  — 32^  in 
the  morning,  and  5'' — G  in  the  evening,  the  mean 
time  of  high  water  in  the  quadratures  is  10'’ — 34'; 
to  which,  at  the  rate  of  2*  per  hour,  anfwer  2  F, 
which  added  to  5 — 6',  give  5’ — *2^/  for  the  time 
of  high  water  on  the  3  ill  of  March^  1701,  which 
is  within  9'  of  the  time  obferved. 

The  mean  time  of  high  water  Dunkirk^  in  the 
new  and  full  moons,  being  at  i  T- — *54' in  the 
morning,  and  in  the  quadratures  at  1 1^—6',  we  have. 
5"' — 12'  for  the  interval  between  the  times  of  the  ‘ 
tides  from  the  new  and  full  moons  to  the  quadra¬ 
tures,  which  is  much  lefs  than  that  of  the  quadra¬ 
tures,  to  the  new  and  full  moons;  accordingly  a 
greater  retardation,  from  one  day  to  another,  is 
obferved  in  the  tides  fucceeding  the  quadratures, 
than  in  thofe  which  fucceed  the  new  and  full  moons  *, 
the  caufe  whereof  may  be  attributed  to  this,  that 
the  tides  being  lower  about  the  quadratures,  than 
about  the  full  moons,  the  fea,  which  grows 
higher  every  day,  as  it  approaches  the  new  or 
full  moon,  fpends  more  time  in  furpalTing  the 
height  of  the  preceding  day  ;  whereas,  from 
the  new  and  full  moons  to  the  quadratures,  the  fea 
finding  no  obltacle,  but  being  afllfied  by  its  own 
weight,  defeends  with  the  greater  velocity,  and 
confequently  renders  the  intervals  between  the  tides 
fhorter. 

After  afeertaining  the  time  of  high  water  in  the 
new  and  full  moons,  and  quadratures,  we  confi- 

VoL.  III.  N°.  34,  Aaa  dered 


I 


402  7^^  History  W  Memoirs  of  the 

dercd  anew  all  the  obfervations  made  at '  Dun- 
kirky  during  the  fpace  of  14  months,  and  deter¬ 
mined  the  mean  time  of  high  water  for  ever,  both 
after  new  and  full  moon,  and  after  the  quadra¬ 
tures.  We  alfo  formed  rules  of  the  variations 
they  are  liable  to,  with  regard  to  the  times  of 
the  new  and  full  moons,  and  quadratures  preced¬ 
ing  the  given  day. 

By  thefe  rules,  among  434  obfervations  related 
by  M.  Baert^  there  are  only  two  wherein  the 
time  of  high  water,  determined  by  the  rule,  is 
54  minutes  different  from  the  time  obferved.  This 
difference  will  not  appear  very  great,  confider- 
ing  what  a  number  of  irregularities  may  occur  in 
the  obfervations,  there  being  fometimes  a  doubt 
of  a  whole  hour  in  determining  the  time  of  high 
water,  as  was  obferved  on  the  27th  of  February^ 
1 702  5  when  it  was  firft  found  high  water  at  o’’ — 
8'  in  the  evening.  After  which  the  fea  funk 
fome  inches,  but  rofe  again  at  o'’ — 57'  to  the 
fame  height  *,  it  had  been  at  49'  before,  where  it 
remained  till  i'’ — 10^;  and  Baert  fixed  the 
time  of  high  water  for  this  day  at  i'’ — 7'|. 

For  the  eafier  finding  the  time  of  high  water 
on  any  given  day,  we  prefent  the  following  table 
of  the  retardation  of  the  tides,  both  after  the  new 
and  full  moons,  and  after  the  quadratures  ;  the 
tides  are  here  laid  down  for  every  12  a  clock,  for 
the  conveniencyi  of  finding  the  morning  and  even¬ 
ing  tides.  - - -  By  means  of  this  table,  and  of 

the  rules  fubjoined,  the  true  time  of  high  water 
may  be  found  at  Dunkirk  for  any  given  day, 
which  may  be  of  fervice  *to  pilots  for  chufing. 
the  moft  proper  times  to  enter,  or  come  out  of 
that  port. 
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Rule  firft,  To  find  the  time  of  high  water  ac 
Dunkirk  for  the  days  of  new  and  full  moon,  and 
of  the  quadratures. 

Find  in  the  almanack  the  time  of  new  or  full 
nioon,  and  of  the  quadratures,  and  take  the  dif¬ 
ference  between  this  and  the  mean  time  of  high 
water,  exprefifed  for  the  day  of  that  phafis,  the 
double  of  this  difference  will  be  the  number  of 
minutes  to  be  added  to  the  mean  time  of  high 
water,  in  cafe  the  time  of  the  phafis  anticipate  the 

A  a  a  2  mean 
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mean  time  of  high  water,  or,  on  the  contrary, 
to  be  fubftradled  in  cafe  fuch  time  come  after  that 
of  high  water,  the  refult  whereof  will  be  the  true 
time  of  high  water  required.  ' 

For  an  inflance,  firfl,  fuppofe  the  time  of 
high  water  required  for  the  day  of  full  moon  in 
Aprils  1701. 

Full  moon  by  the  almanack  falls  on  the  2 2d  of 
Aprils  at  5  — 16'  in  the  evening,  the  difference 
between  this  5  — in  the  evening,  and  1 1^ — 54' 
in  the  morning,  the  mean  time  of  high  water  in 
the  new  and  full  moons  at  Dunkirk^  as  laid  down 
in  the  table,  is  5' — 22'  *,  the  double  whereof, 
viz.  id — 44''  is  the  number  of  minutes  to  befub- 
ftracled  from  ii*' — 54,  on  account  of  the  full 
moon’s  coming  after  the  time  of  high  water,  the 
remainder  is  ii’’ — 43',  the  true  tim.e  of  high  wa¬ 
ter  in  the  morning  of  the  2 2d  of  April,  M.  Baert 
obferved  it  that  day  at  1 1*" — 44'. 

For  a  fecond  infbance,  fuppofe  the  time  of 
high  water  required  for  the  day  of  thefirft  quadra¬ 
ture  of  the  moon  m  Aprils  1701. 

The  almanack  fixes  the  firft  quadrature  of  the 
moon  to  the  16th  of  April.,  at  2'' — 8'  in  the 
morning,  the  difference  between  which  time  and 
5  — 6' m  the  evening,  the  mean  time  of  high 
water  in  the  quadratures  at  Dunkirk  is  14' — 58', 
whofe  double  30  is  the  number  of  min. to  be  added 
to  5” - 6',  by  reafon  the  time  of  quadrature  an¬ 

ticipates  the  mean  time  of  high  water.  The  fum, 
viz.  5'' — 36'  in  the  evening,  gives  the  true  time 
of  high  water  on  the  i’6th  of  April,  M.  Baert 
found  it  that  day  at  5  — 40'. 

Second  rule  to  find  the  time  of  high  water  at 
Dunkirk.,  for  any  given  day. 

Find  by  the  firft  rule  the  time  of  high  water, 
the  day  of  full  or  new  moon,  or  of  one  of  the 

qua- 
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quadratures,  immediately  preceding  the  given 
day  *,  to  this  add  the  retardation  of  the  tides,  cor* 
rel'ponding  to  the  difference  between  the  given 
day,  and  the  day  of  the  preceding  phafis,  the 
fum  will  be  the  time  of  high  water  for  the  day 

required. - To  find  the  time  of  high  water 

immediately  preceding,  or  following  that  now 
found,  we  muff  fubftradt  or  add  the  difference  cor- 
refponding  to  12  . 

For  an  inffance,  fuppofe  the  hour  of  high  wa¬ 
ter  required  for  the  26th  of  March^  1701. 

In  the  almanack,  we  find  that  the  'phafis  im¬ 
mediately  preceding  the  26th  of  March^  is  full 
moon,  which  happens  on  the  /24th  of  March^  at 
8'' — 36  in  the  morning,  the  difference  between 
8  — 36'  in  the  morning,  and  1 1'’ — 54'  the  mean 
time  of  high  water  at  Dunkirk^  is  3' — 18^';  the 
double  whereof  6‘ — 36^',  being  added  to  1 1' — 54. 
gives  the  time  of  high  water  at  1 2  — i',  on  the 
24th  of  March^  the  day  of  full  moon.  To  this 
add,'  i" — 30'^,  the  retardation  of  the  tides  cor- 
refponding  to  two  days  after  full  moon,  the  refult 
gives  the  time  of  high  water,  on  the  26th  of 
March^  1701,  at  i  — 31' in  the  evening,  the 

very  fame  as  was  obferved  by  M.  ',  Baert. - - 

To  find  the  time  of  high  water,  which  happened 
in  the  morning,  and  the  fame  day,  take  the  dif¬ 
ference,  between  i" — 30'  and  i  — 14',  viz.  19', 

which  fubftracted  from  i'' - 31^,  the  time  of  high 

water  in  the  evening,  gives  — 12'  for  the  true 
time  of  high  water  in  the  morning. 

For  a  lecond  inftance,  fuppofe  the  time  of 
high  water  required  for  the  6th  of  Aprils  1701. 

By  the  almanack  we  learn,  that  the  third  qua¬ 
drature  of  the  moon,  which  is  the  phafis  imme¬ 
diately  preceding  the  given  day,  happened  on  the 
3 1  fl:  of  1701,  at  6' — 3  2' in  the  morn¬ 

ing. 
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ing,  the  difference  between  this  6" — 32'  in  the 
morning,  and  5 ' — 6'  in  the  evening,  the  mean 
time  ot  high  water  at  Dunkirk^  in  the  quadratures, 
is  10’ — 34'  ;  whole  double  21' — 8^' being  added 
to  5  — 6^,  by  reafon  the  time  of  the  3d  quadra¬ 
ture  comes  before  5’ — 6^,  gives  the  time  of  high 
v!3lX.^x  dit  Dunk  irk »  On  the  3  ill  of  1701, 

the  day  of  the  lall  quadrature,  at  5'* — 27' in  the 
evening,  the  difference  between  the  3111  of  Mar, 
the  day  of  the  third  quadrature,  and  the  6th  of 
Aprils  the  day  given,  is  6  days  the  correfpond- 
ing  retardation,  to  which  in  the  table  is  6^ — 12', 
which  added  to  5" — 27',  gives  the  time  of  high 
water  at  Dunkirk,,  for  the  6th  ot  April,,  1701,  at 

1 1*" - 39'  in  the  evening.  - -  To  find  the 

time  of  high  water,  which  happened  in  the  morn¬ 
ing,  *  take  the  difi'erence  between  6 — 12',  and 
5  — 50',  viz.  2  2^j  which  fubllradled  from  1 1” — 
39',  the  time  of  high  water  on  the  6th  o\  Aprils 
in  the  evening,  gives  id’ — 17',  for  the  true 
time  of  high  water  in  the  morning  of  the  fame 
da)f.  M.  Baert  found  it  1 1  — 2d  this  morning  . 

Third  rule,  to  find  in  any  given  montii  the 
times  of  the  highell  tides,  moll  proper  for  enter¬ 
ing  or  coming  out  of  the  port  of  Dunkirk, 

^  Find,  by  the  preceding  rule,  ^he  time  of  high 
w'ater  for  the  2d  days  after  the  new  and  full  moons 
of  that  month,  and  you  will  have  tlifj  time  re¬ 
quired. 

For  an  inllancej  the  full  moon  of  the  month 
of  March.,  happening  on  the  24th  at  8  — 36'  in 
the  morning-,  we  feek  by  the  2d  rule  the  time 
of  high  water  on  the  26th  of  March,,  which,  in 

the  inllance  there  given,  is  found  at  1“ - 3d 

in  the  evening.  M.  Baert  obferved  it  high  wa¬ 
ter  this  day  at  i"'- — 3d  in  the  evening  *,  and  the 

tide 


Royal  Academy  ^Sciences.  407 

tide  was  higher  than  in  any  of  the  preceding  of 
following  days. 

Fourth  rule,to  find  the  day  and  hour  of  the  high- 
eft  tide,  which  will  happen  in  any  given  month. 

By  the  aftronomical  tables,  take  the  moon’^s 
diameter  for  the  day  of  new  and  full  nioon  ;  if 
this  diameter  be  greater  on  the  day  of  the  new 
than  of  .the  full  moon,  the  tide  will  be  highefi: 
this  month  2  days  after  the  new  moon  ;  but  if 
the  moon’s  diameter  be  greater  on  the  day  of  full 
than  of  new  moon,  the  tide  will  be  higheft  this 
month  2  days  after  the  full  moon. 

For  an  inftance,  fuppofe  the  higheft  tide  re¬ 
quired  in  the  month  of  Aprils  1 701  - - - 

By  the  table,  we  find  the  diameter  of  the 
moon,  on  the  8th  of  Aprils  the  day. of  new 
moon,  to  be  14!- — 53^^,  and  on  the  2 2d  of  A- 

pril^  the  day  of  full  moon,  to  be  16' - 24!^ 

confequently  the  higheft  tide  in  this  month  will 
be  on  the  24th,  which  agrees  with  M.  Baerf^ 
obfervation. 

Fifth  rule,  to  find  the  day  and  hour  of  the 
ioweft  tide,  which  will  happen  in  any  given 
month. 

Find,  by  the  aftronomical  tables,  the  moon’s 
diameter  for  the  day  of  the  firft  and  laft  quadra¬ 
ture,  if  this  diameter  be  fmallef  on  the  day  of 
the  firft  quadrature,  the  leaft  tide  this  month  wilt 
be  2  days  after  the  firft  quadrature.  On  the  con¬ 
trary,  if  the  moon’s  diameter  be  the  leaft  on  the 
day  of  the  laft  quadrature,  the  Ioweft  tide  that 
month  will  be  2  days  after  the  laft  quadrature. 

For  an  inftance,  fuppofe  the  leaft  tide  required 
for  the  month  of  June^  1701. 

By  the  tables,  we.  find  the  diameter  of  the 
moon,  on  the  13th  of  the  day  of  the  firft 

quv\drature,  to  be  16' - 6'V  and  011  the  28th  of 

I  Junej 
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June^  the  day  of  the  Jaft  quadrature,  to  be 

'14' - 47",  confequently  the  Imalleil  tide  in  the 

month  of  June^  1701,  mud  have  happened  on 
the  30th  of  that  month,  agreeably  to  the  obfcr- 
vations  of  M,  Baert. 

IX.  Obfervatiom  on  a  kind  of  talc^  commonly 
fou7id  near  Paris,  over  the  banks  of  plajier- 
fones,  by  M,  de  la  Hire  tr  a?  fated  by 

Mr.  Chambers. 

m 

One  of  the  mod  curious  among  tranfparent 
ftones,  and  that  which  mav  give  mod  employ¬ 
ment  to  the  naturalids  to  account  for  its  effcdts  is 
what  we  commonly  call  ijland  cryftal,  ’Tis  ex¬ 
tremely  tranfparent,  and  clearer  even  than  the 
fined  glafs ;  but  might  be  more  properly  called  a 
talc  than  a  crydal,  for  the  reafons  alledged  here¬ 
after.  Its  difcovery  we  owe  to  Erafmus  Bar^ 
tholin^  a  celebrated  Danifh  mathematician,  who 
fird  laid  it  before  the  publick,  in  a  treatife  upon 
the  fubjedl,  printed  in  1670.  M.  Huygens  has 
alfo  been  very  large  on  the  properties  of  this 
done,  in  his  treatife  of  light,  printed  in  i  690. 

Having  two  large  pieces  of  this  done  in  my 
pofledion,  I  was  willing  to  examine  it,  by  feve- 
ral  experiments,  and  in  different  manners,  both 
for  my  own  fatisfudion,  and  for  the  afcertaining 
of  what  thofe  gentlemen  have  faid  of  it.  It 
ought,  as  already  hinted,  to  be  called  a  talc,  ra¬ 
ther  than  a  crydal,  it  being  one  of  its  chief  pro¬ 
perties  to  cleave  readily  every  way,  but  dill  pa¬ 
rallel  to  one  of  thofe  6  phafes,  whereof  its  figure 
confids,  which  is  always  an  oblique  angled  paral- 
lelipiped,  and  confequently  its  fragments  will 
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allbeparal]elipipeds,whorci  8  folid  angles  are  placed 
fimilarly  in  the  fmalJell  pieces,  as  in  the  largeft. 

The  6  faces,  whereof  it  is  formed,  are  oblique 
angled  parallelograms,  whofc  two  oppofite  obtufe 
angles  are  each  10 1  degrees,  30',  and  confe- 
quently  the  two  others  being  the  complements 
thereof,  muft  be  each  78^—30':  this  I  have 
learnt  by  my  obfervations. 

In  this  parahelipiped  are  only  2  folid  angles, 
which  are  oppofite  to  each  other,  and  formed  by 
3  of  the  obtufe  angles  of  the  faces  *,  the  other  6 
are  each  comprehended  between  one  obtufe  angle 
and  two  acute  ones,  there  being  in  all  12  equal 
obtufe  angles,  and  as  many  equal  acute  ones. 

The  inclinations  of  the  frees  make  two  kinds 
of  angles  *,  6  whereof  are  obtufe,  comprehending 
each  105  degrees,  and  6  acute  ones  of  75"^  each, 

which  are  the  complements  of  the  former. - 

Thefe  meafures  are  fomewhat  different  from  thofe 
of  Meff,  Bartholin  and  Huygens^  which  may  a- 
rife  from  the  difficulty  of  making  exaft  obferva¬ 
tions  thereof,  by  reafon  the  acute  angles  are  not 
fo  well  defined  as  the  obtufe  ones. 

Thus  much  for  the  figure  of  the  ftone.- - 

But  what  is  more  remarkable  in  it  is,  that  it  re- 
prefents  all  the  objedfs  feen  thro’  two  of  its  pa¬ 
rallel  faces  double  ,  the  diftance  between  the  twg 
images  appearing  fo  much  the  greater,  as  the 
faces  are  further  diftant  from  each  other,  or  the 
cryftal  thicker.  This  phenomenon  is  the  moft 
fenfible,  when  the  objeeff  is  a  black  point,  or  a 
line  drawn  on  the  face  of  the  ffone. 

The  doubling  of  the  objedl,  however,  is  not  die 
only  thing  to  be  confidered  in  this  done  *,  but 
the  manner  wherein  this  is  done,  which  is  always 
in  the  line  paffing  thro’  the  objebt:,  whigh  is  pa- 
VoL.  III.  N^.  34.  Bb  b  rallvl 
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rallel  to  that  whereby  the  obtufe  angle  of  the  face 
the  objed:  is  upon  is  bifeded. 

This  double  image  ot  the  fame  objcd  fhews, 
that  there  muft  be  a  double  refradion  in  thefe 
bodies,  and  accordingly  two  very  different  ones 
have  been  diftindly  obferved.  The  firft,  com¬ 
mon  to  that  found  in  all  tranfparent  bodies,  and 
depending  on  the  inclination  of  the  incident  ray, 
to  the  line  perpendicular  to  the  face  of  the  body 
when  the  refradion  is  made.  The  fecond,  pecu¬ 
liar  to  this  cryftal,  and  arifing  from  another  ia- 
clination  of  the  incident  ray,  to  another  line  in¬ 
clined  to  the  fame  face. - Hence  it  follows, 

that  if  the  incident  ray  be  united  with  one  of  thefe 
lines,  it  will  ndt  undergo  the  refradion  belonging 
to  that  line,  but  will  undergo  that  depending  on 
the  other ;  and  confequently  the  image  will  al¬ 
ways  be  double  in  every  other  inclination. 

I  have  made  feveral  experiments,  and  have 
likewife  repeated  them  feveral  ways ;  the  refult 
whereof  is,  that  in  the  firft  of  the  two  refradions, 
the  fine  of  the  angle  of  incidence  in  the  air,  is  to 
the  fine  of  the  angle  refraded  in  the  body  as  5  to 
3  ;  whence  we  learn,  that  this  refradion  of  the 
body,  notwithftanding  its  foftnefs,  furpaffes  that 
of  the  glafs,  which  is  only  as  4  I  to  3. 

As  to  the  2d  refradion  which  is  peculiar  to 
this  body,  and  makes  the  objed  double,  Bartho¬ 
lin  takes  it  to  depend  upon  a  line,  or  ray,  always 
parallel  to  the  edges  of  the  fices  next  thofe  where 
the  refradion  is  made  •,  but  Huygens  denies  this 
line  to  be  parallel  to  thofe  edges  •,  for  myfelf,  af¬ 
ter  examining  the  point  with  great  attention,  I 
ni^.d  this  line  more  perpendicular  to  the  furface  of 
the  cryftal  by  which  is  no  great  matter  in  an 
enquiry  of  this  kind:  further  I  find  die  fines  of  the 

anfflcs 
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angles  of  incidence  in  the  air  with  regard  to  this 
line  ;  and  in  this  2d  refradion  to  be  to  the  fines  of 
the  refrafled  angles  nearly  as  4  |  to  3,  which  is 
much  like  that  of  glafs. 

’Tis  obfervable,  that  the  image  produced  by 
the  fecond  refradlion,  always  appears  lower  than 
that  produced  by  the  firft ;  the  reafon  whereof 
is  eafily  alTigned  from  the  laws  of  dioptricks,  as 
alfo  why  each  of  the  two  images  only  appears 
with  i  the  ftrength  it  would  have,  if  viewed  with¬ 
out  the  interpofition  of  any  other  body.  Hence 
it  is,  that  when  the  parts  of  the  two  image3  cover 
each  other,  as  will  happen  in  a  certain  fituation  to 
a  black  ftroke  upon  the  cryftal,  this^part  will  ap¬ 
pear  twice  as  ftrong  as  any  where  elfe. 

My]  examination  of  the  Hand  talc  led  me  to 
confider  that  found  in  this  country  over  the 
banks  of  plafter-flone  ;  for  we  mud  net  negledl 
what  is  committed  unto  us,  and  which  would  ap¬ 
pear  curious  in  a  foreign  country  to  fceftow  all  our 
attention  upon  what  comes  afar. 

This  plafter  talc  is  a  tranfparent  done  which 
bears  a  near  refemblance  to  that  brought  from  the 
Levant^  except  in  point  of  fig^^re,  which  is  very 
fingular,  and  is  condantly  tH  fame  in  all  the 
pieces  we  have  feen  ;  its  relation  to  the  real  talc 
confids  in  its  cleaving  readib  into  thin  leaves,  or 
lamellcB^  equally  tranfpareqt  with  thofe  of  com¬ 
mon  talc,  but  fmaller,  ahd  more  brittle. 

We  meet  with  dore  of/pieces  of  this  done,  of 
a  moderate  bulk,  in  a  ftra^umoi  white  fatty  earth, ^ 
over  the  blocks  of  done  whereof  the  plader  ot 
Paris  is  made ;  they  are  didributed  thro’  this 
earth,  wherein  it  is  known  they  are  formed  with¬ 
out  any  order  or  uniformity,  being  thrown  as  it 
were  at  random,  and  feveral  almod  joining  one  to 

B  b  b  2  another 
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another  with  the  intervention  only  of  a  little  of 
the  fatty  earth. 

The  figure  ^  of  this  talc  refembles  the  barbed 
point  of  an  arrow,  as  appears  by  A  BCD  which 
reprefents  one  of  its  faces  *,  for  there  are  always 
two  parallel  to  each  other,  according  to  which  the 
11  one  cleaves  into  leaves ;  and  one  of  thele  faces  is 
bisger  than  the  other.  We  find  pieces  from  12  to 
I  5  inches  long,  all  forked  at  the  broad  end  as  in 
CA  D,  the  other  end  B  terminating  in  a  point  ; 
the  pieces  in  thicknefsofa  moderate  fize,  are  about 
I  inch:  thro’  the  2  parallel  faces  we  perceive  ob¬ 
jects  very  clearly,  at  leaft  in  the  white  pieces ;  for 
there  tire  Ibme  yellow  and  brownilh  ones  which 
are  hut  little  tranfparent. 

Each  piece  is  naturally  divided  into  two  length¬ 
ways,  as  appears  by  the  right  line  AB,  proced- 
ing  from  /he  cleft  A  to  the  point  B ;  and  the 
plane  whi«fi  p^rts  them  is  perpendicular  to  the 
faces  *,  but  the  two  pieces  are  ufually  united,  be¬ 
ing  only  difting;uiflied  from  each  other  by  the 
inequality  of  the  fubftance  found  in  this  part, 
where  there  js  fomctimes  likewife  found^V little 
of  -  the  earth  whereiu  the  talc  is  formed  :  in  fome 
parts  of  it  we  alfo  find  a  hard  (tony  kind  of 
cruft.  \ 

.  Tho  ’  fides.’-whicTi  terminate  this  ftone,  do  not 
'iriuafly  make  right  angles  with  the  faces  •,  but  an 
acute  angle  of  75  degrees  on  the  broad  fide  of  the 
face,  and  its  complement  on  the  other;  and  hence 
it  is,  tlnit  the  twm  faces  are  not  of  the  fame  big- 
nefs  in  every  piece  :  the  fidcs  naturally  are  not 
j'mooth  and  polifhed,  being  only  formed  of  the 
extremities  of  the  feveral  which  are  al¬ 

ways  covered  v/ith  a  thin  yellowifh  cruft  ;  and 

♦  Piute  VI.  fig.  9. 

hence 
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hence  obje6ls  only  appear  very  confufedJy  thro* 
thefe  Tides  unlefs  the  cruft  be  removed,  and  a  var- 
nifti  laid  over,  which  is  not  eafy  to  execute,  by 
reafon  of  the  fmall  connedlion  between  the  la- 
rntniS, 

One  of  the  points  of  the  fork  is  fometimes 
found  a  little  feparate  from  its  piece,  being  only 
joined  irregularly  thereto,  by  a  little  of  the  fatty 
earth  ;  and  upon  feparating  them  quite,  we  find 
that  thefe  points  only  adhered  to  the  reft  by  pieces 
of  laY)iina^  about  a  line  thick,  which  enter  more 
or  lefs  into  the  body  of  the  ftone,  and  make  bond 
as  the  mafons  call  it  therewith. 

Upon  removing  Tome  of  the  rough  lamella  on 
the  furface  of  this  talc,  we  clearly  difcern  lines 
therein,  as  EF  proceeding  from  the  miiddle  line 
A  B,  towards  the  edges  on  either  Tide  •,  and  making 
an  acute  angle  AEF,  with  the  fame  middle  line 
towards  the  fork  A,  of  about  60^  :  we  alfo  per¬ 
ceive  other  lines  as  GH  proceeding-  from  the 
middle  towards  the  edges,  and  making  an  acute 
angle  BGH  towards  the  point  B  of  50^^,  To  that 
the  acute  angle  formed  at  the  meeting  of  thofe 
2  lines  is  70^. 

Hence  it  always  happens,  that  upon  cleaving 
the  talc  into  thin  pieces,  which  can  only  be  done 
with  a  ftiarp  knife,  beginning  at  the  exterior 
edges  after  firft  removing  the  cruft  :  moft  of  thefe 
lamma  break  into  triangles,  whole  angles  are 
conftantly  50,  60,  and  70  degrees,  which  is  a 
very  lingular  property  of  this  ftone.  We  alfo 
find  certain  fragments  of  thole  thin  lamellae ^  in 
figure  of  a  parallcllogram  compofed  of  2  of 
thefe  triangles  joyned  together. 

Hence  we  may  probably  infer,  that  the  mals 
of  thefe  talc  ftones,  confifts  only  of  thin  lamella 
fienderly  faftened  to  each  otJier,  each  whereof  is 

formed 
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formed  of  little  triangular  lamelU^  as  the  elements 
thereof  which  are  ftrongly  faftened  to  each  other 
at  their  edges,  whence  they  have  a  confiderable 
firmnefs  ;  each  of  which  little  elementary  trian¬ 
gles  has  3  unequal  acute  angles  viz.  of  50,  60, 
and  70^,  as  appeal^  from  the  pieces  of  broken 
lamellae.,  which  are  only  affemblages  of  the  fame 
4den*ientary  triangles,  and  form  triangles  like  their 
elements  ;  for  thele  lamelU  are  very  brittle,  and 
yet  afford  the  fame  angle,  when,  or  howfoever 
broken. 

If  the  fides  of  thefe  elementary  triangles  do  not 
make  a  right  angle  with  their  face,  but  an  angle 
of  75  degrees  on  one  fide,  and  its  complement  on 
the  other,  which  however  is  more  than  can  be 
obferved,  it  would  likewife  follow,  that  upon 
joining  together  in  the  fame  order,  the  whole  fide 
of  a  piece  formed  by  them,  would  have  this  incli¬ 
nation  to  the  face,  which  is  eafily  obferved. 

From  the  difference  of  the  angles  in  the  ele¬ 
mentary  triangles,  it  will  likewife  follow,  that 
according  to  their  feveral  arangements  in  forming 
the  lamellae y  the  fides  of  thofe  lamelliC  will  cither 
be  parallel  to  the  line  in  the  middle,  or  inclined 
thereto  in  which  alfo  forms  the  point  of  the 
piece;  the  faces  whereof  are  always  inclined  10^ 
to  the  middle  line  on  either  fidcy  w'hen  they  arc 
inclined  at  all,  which  happens  almoft  univerfally  ; 
for  the  angle  AEF  being  conftantly  60^,  and 
the  angle  BGH,  or  BE  I,  or  BEK  50^,  the 
angle  FEE  or  FEK,  will  neceffarily  be  70^^; 
and  if  the  triangle  FEI,  whofe  angle  FEI  fhould 
be  70^,  have  its  angle  EFI  60^^,  and  confe- 
quently  the  other  EIF  of  50,  it  will  follow,  that 
the  fide  Fi  will  be  parallel  to  AB  ;  but  if  the 
angle  EFI,  or  EFK  be  50  degrees,  and  the 
other  EKF  60,  the  line  FK  will  make  an  angle 

with 
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with  the  middle  an  angle  of  10®,  which  we  ufually 
find  accordingly.  Thefe  2  cafes  may  happen  in 
the  firfb  formation  of  the  leaves  by  the  triangles, 
as  FEK  taking  an  inverted  fituation,  the  angle  in 
E  (fill  remaining  the  fame ;  and  as  we  may  fup- 
pofe,  that  before  the  forming  of  thefe  leaves, 
their  elementary  triangles  floated  in  a  liquid  fub- 
llance ;  by  the  motion  whereof  they  were  ranged 
afide  of  each  other,  in  a  certain  order,  agreeable 
to  their  figure ;  whence  it  happened,  that  the 
fides  of  the  iamelU  might  become  inclined  to  each 
other,  in  an  angle  of  10  degrees;  fori  only  here 
confider  -f-  the  intire  lamella  which  is  always  di¬ 
vided  into  two  by  a  line,  as  A  B  ;  but  if  in  fuch 
formation  of  the  lamell<£^  one  of  them  by  any  ac¬ 
cident  happened  to  take  a  different  pofition,  the 
reft  adapting  themfelves  thereto  by  the  motion  of 
the  fluid,  formed  the  fides  of  the  lamella  parallel 
to  each  other. 

It  was  in  this  formation  of  the  lamella^  that 
they  acquired  their  hardnefs,  which  became  pretty 
confiderable  by  their  elements  joining  to  each 
other  at  their  fides ;  but  the  lamella  having  ftiil  a 
.liquid  matter  between  them,  which  could  only  be 
drained  off  in  time,  it  hence  happened  that  they 
did  not  adhere  any  thing  confiderably  to  each 
other  by  their  furfaces ;  fo  that  if  there  be  the 
leaft  foreign  matter  left  between  them,  they 
will  always  be  eafier  to  feparate  from  each  other 
than  to  be  broke  a-crofs. 

As  to  the  fork  CAD,  its  formation  feems  to 
he  as  follows,  the  angle  formed  by  each  horn  as 
ACH  or  ADH  is  ufually  50^'  which  is  the  final- 
left  of  the  3  angles  of  the  element,  and  if  the  ex¬ 
terior  fide  of  the  piece  make  an  angle  with  the 
middle  line  of  10^  towards  the  point,  it  follows, 
that  the  angle  of  the  fork  CAD  muft  be  120  de- 
I  grees. 


4i6  IkeVii^TORY  aitdM'EMoiKS  of  the 

grees,  which  is  very  near  what  we  actually  find 

in  fome  pieces  of  this  talc. - Now  if  any 

foreign  body  have  been  found  about  A  to  hinder 
the  2  elementary  triangles,  which  fhould  have 
been  difpofed  therein  from  uniting  to  thofe  of  the 
fides  (fomething  of  which  kind  we  adually  find  in 
the  difunion  of  the  horns,  from  the  body  of  the 
talc  by  a  piece  of  earth  as  abovementioned)  in  this 
cafe,  the  connection  between  the  laminae  being 
interrupted,  the  reft  muft  have  continued  forming, 
and  terminate  at  length  in  the  point  of  the  horn, 
by  lines  parallel  on  one  fide  to  EF,  and  on  the 
other  in  AC  and  AD  *,  for  the  natural  figure  of 
the  elementary  triangles  in  joining  together,  will 
always  form  triangles  fimilar  to  the  elements. 

What  has  hitherto  been  obferved  of  the  quan¬ 
tities  of  the  angles  in  the  talc,  is  only  what  ob¬ 
tains  in  the  general,  there  being  feveral  irregula¬ 
rities  found  therein,  occafioned  in  the  formation 
by  foreign  bodies,  which  diverting  the  elementary 
triangles,  have  made  them  afilime  external  figures 
different  from  what  would  naturally  have  arofe 
from  the  affemblage  of  elements;  yet  without 
any  fuch  thing  being  perceivable  in  the  body,  on 
account  of  the  fmallnefs  of  thofe  elements,  as  we 
find  by  fome  of  the  fides  which  are  a  little  crook¬ 
ed,  and  by  certain  angles  which  are  lefs  or  greater 
than  thofe  of  the  elements,  in  which  cafe  thefe 
fides  mult  have  little, dentures ;  fome  whereof  are 
perceivable  in  the  irregular  fraClurcs  of  the  la- 
welU  :  in  fine,  we  find  fome  pieces  of  talc  which 
have  others  faftened  on  their  fides  *,  in  others 
the  point  is  extended  into  a  paralellipiped  only  on 
one  fide,  and  towards  the  point  of  others,  we 
find  another  piece  form’d  as  ufual,  but  cppofitc 
to  the  firil,  with  a  thoufand  other  varieties  which 
arc  as  it  were  the  lufus  of  this  formation. 


After 
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After  examining  the  figure  of  this  talc,  I  ap¬ 
plied  my  felf  to  the  obfervation  of  its  refracftions, 
Thefe,  I  firft  confidered  between  the  2  parallel 
faces,  the  only  way  wherein  the  ftone  is  naturally 
tranfparent ;  and  then  in  planes  perpendicular  to 
thofe  faces,  as-  is  ufually  done  in  meafuring  the 
refradlion.  Then  in  all  the  other  dire(5lions,  as 
Jengthwife  from  the  middle  of  the  point,  towards 
the  fork  ;  then  fide-wife,  breadth-wife,  perpen¬ 
dicularly  to  the  middle  line,  and  every 

where  under  all  the  different  angles  of  inclination, 
found  the  fine  of  the  angle  of  incidence  in  the  air, 

•  to  the  fine  of  the  angle  refra6led  in  the  body  as 
5  to  3  -f,  which  is  the  fame  as  that  from  air  into 
glafs  *,  and  the  fame  likewife  with  that  peculiar  to 
IJland  cryftal,  which  deferves  a  fpecial  attention  ; 
iaftly,  feparating  a  piece  of  talc  into  two,  by  the 
plane  which  divides  its  length,  and  is  perpendicu¬ 
lar  to  the  faces,  I  examined  what  the  refra6^ion 
would  be  a-crofs  the  thicknefs  of  its  fide,  fuch 
refraftion  being  made  in  a  plane  parallel  to  the 
faces,  which  is  impradlicable  while  the  two  halfs 
arejoyned  together,  both  by  reafon  of  the  too 
great  thicknefs,  and  of  the  foulnefsof  the  middle 
part  where  the  feparation  is ;  but  having  cleanfed 
this  part,  and  fmeared  it  over  with  a  little  gum- 
water,  as  alfo  the  outer  edge  which  is  commonly 
rough,  till  a  black  body  might  be  difcerned  thro* 
it,  1  found,  that  the  refradlion  this  way  was  the 
fame  as  before  5  viz.  as  5  to  3  j. 

But  being  fcarce  fatisfied  with  all  thefe  obferva-r 
tions,  I  was  further  willing  to  know  whether  the 
clefts  or  flaws,  perceived  on  the  fide  of  this  ftone, 
might  not  produce  fome  particular  effeft  v  to  m  ike 
wuich  the  more  apparent,  1  applied  an  iron  wire 
lengthwife  over  thefe  clefts,  and  looking  thro*-  the 
VoL.  HI.  N"*.  34.  Ccc  talc, 
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talc,  found  its  image  appear  in.  two  different 
places,  or  at  leaft  much  larger  than  it  really  was, 
with  a  clear  fpace  between  the  two  j  then  moving . 
the  wire  gently,  but  ftill  in  its  former  diredion, 
I  perceived  the  image  jump,  as  it  were,  from  one 
place  to  another,  but  ftill  double ;  to  render  thefe 
obfervations  the  more  confpicuous,  by  reafon  the 
talc  is  very  dim  when  viewed  fide  ways,  it  muft 
be  held  near  the  light  of  a  candle,  and  the  iron 
wier  applied  full  upon  it. 

Here  it  will  he  required  to  produce  phyfical 
reafons  of  all  thefe  effeds,  not  only  of  the  talc, 
but  of  IJland  cryftal,  which  it  fo  nearly  refembles; 
from  whence  light  might  perhaps  be  let  into  moft 
other  tranfparent  bodies,  as  diamond  rock,  cry¬ 
ftal,  allom,  which  are  all  natural  produc¬ 

tions  ;  and  in  all  appearance  are  formed  of  an 
aflemblage  of  elements,  fimilar  to  each  other, 
which  determine  their  figure :  but  this  I  refervc 
for  another  memoir. 

At  PaJJy  near  FariSy  round  the  mineral  fpring, 
are  likewife  found  little  pieces  of  talc,  of  the 
fame  fpecies  as  that  of  the  plafter  quarries,  be¬ 
ing  fifille  like  them  into  thin  lamella  •y  ’tis  very 
clear  and  tranfparent,  and  fenfibly  formed  of  the 
fame  triangular  elements,  as  that  of  plafter  ;  but 
the  figure  of  its  two  parallel  faces,  according 
to  which  it  cleaves,  is  a  parallelogram  with  two 
acute  angles  of  50  degrees  each.  Its  fides  make 
an  angle,  with  the  faces  of  125  degrees  on  each 
fide,  tho’  ’tis  difficult  to  meafure  them  exadly, 
by  reafon  the  fides  are  not  fmoorh,  as  being  only 
formed  of  the  extremities  of  lamella^  which  leaves 
feveral  inequalities  along  the  fides. 

V/hat  is  moft  remarkable  in  this  talc,  is  a 
prominent  angle,  of  about  iio^,  which  it 
makes  about  the  middle  of  its  thicknefs  on  either 

fide  j 
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fide  ;  fo  that  its  figure  would  be  a  parallel ipiped, 
with  6  faces,  provided  its  two  ends,  or  bafcs, 
were  plain;  but  they  alfo  make  a  prominant 
angle  about  the  middle  of  140  degrees. 

As  to  the  refra(5lion  of  this  talc,  I  have  not 
been  able  to  find  the  exadt  quantity  thereo  f,  by 
reafon  the  pieces  are  too  fmall ;  nor  do  I  find, 
that  objedls  appear  double  through  its  parallel 
faces. 

Sir  Ifaac  Nswlon  gives  his  obfervations  upon 
ijland  cryftal,  with  an  abftrufe  fort  of  folution  of 
its  eflfedts  in  his  opticks. 


C  c  c  2 


An 


1 


420  T/^^History  W  Memoirs 


An  Explanation  of  the  Terms  of 


the  former  volumes. 


A 


Lhidade,,  is  an  Arabic  word,  ufed  to  ex- 


rs.  prefs  a  moveable  rule  applied  to  an  inftru* 
ment  for  obftrving  heights  and  lengths.  It  is  alfo 
called  a  diopter. 

Apogeum.,  or  apogee,,  is  a  point  in  the  heavens, 
in  which  the  fun,  moon,  or  any  planet,  is  at  its 
greateft  poflible  diftance  from  the  earth. 

Areometer  is  an  inftrurnent  ufed  to  meafure  the 
denfity  on  gravity  of  fluids.  That  which  is  ufed 
by  the  royal  academy  of  fciences  at  Paris,,  is  a 
glafs  bottle  balanced  with  quickfilver,  having  a 
very  narrow  neck,  divided  all  along  into  equal 
parts.  It  is  immerged  in  liquors,  which  they 
would  compare  together,  and  the  weight  of  them 
IS  determined  by  the  degree  to  which  the  areo¬ 
meter  finks ;  that  in  which  it  finks  moft  being 
the  Jighteft  liquor. 


B 


'ace,,  a  meafure  of  5  Paris  feet  and  4  inches, 
or  about  5  feet,  7  inches  I  of  our  meafure. 


C 


Caliber,,  the  bore  or  width  of  a  fire-arm,  or  the 
diameter  of  its  mouth,  or  of  the  ball  that  it  car¬ 


ries. 


Chamber,,  or  fourneau,,  or  furnace  of  a  mine, 
is  that  part  in  which  the  powder  is  placed.  The 


3 


cavity 
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cavity  of  it  is  about  5  or  6  cubical  feet,  and  is 
charged  with  about  loco  lb,  of  powder,  or  lefs, 
according  to  the  earth  that  is  to  be  raifed. 

Cboroidesy  the  inner  coat  of  the  eye. 

Cornea,^  one  of  the  coats  of  the  eye,  fo  called, 
becaufe  it  is  tranfparent  like  horn. 

D  r 

'Dtajlole,,  the  motion  of  the  heart,  by  which  it 
dilates  itfelf :  It  is  oppofite  to  the  /yfioky  by  which 
it  contrads  itfelf.  - 

E 

Eolipyle^  a  hydraulic  inftrument,  confiding  of 
a  hollow  metalline  ball,  with  a  flender  neck  or 
pipe,  having  a  very  fmall  aperture.  It  is  heated 
red  hot,  in  order  to  rarefy  the  air,  and  then 
thrown  into  water.  There  will  enter  as  much 
water  into  it;  as  may  ferve  to  fill  the  vacuum  left 
by  the  air  condenfed  by  the  coldnefs  of  the  wa¬ 
ter.  It  is  then  fet  before  the  fire  again,  and  the 
air  ruflies  out  with  a  furprifing  impetuofity,  and 
for  a  confiderable  time. 


Fougade,,  or  fougajje^  is  a  little  fourneau,,  or 
chamber  of  a  mine  made  in  form  of  a  well,  8  or 
10  feet  broad,  and  10  or  12  deep,  which  is 
digged  under  fome  work  intended  to  be  blown 
up.  It  is  charged  with  facks  or  barrels  of  gun¬ 
powder,  and  is  fet  fire  to  like  other  mines  with  a 
fauciffe. 

Fourneau  of  a  mine,  fee  chamber. 

Mortife^  or  mortoife,,  an  incifion  Into  the  thick- 
nefs  of  a  piece  of  wood,  which  is  to  receive  ano¬ 
ther  piece  called  a  tenon. 


O 
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O 

Os  hyoidis^  •  a  »bone  fo  called,  'bccaufe  it  rc- 
fembles  the  Gm^  letter  Y.  It  lies  at  the.  root  of 
the  tongue. 

P 

Tertgeum^  or  perigee,  is  a  point  of  the  heavens, 
in  which  the  fun,  moon,  or  any  planet  is  at  its 
dead  poflible  diftance  from  the  earth. 

Pia  mater^  a  thin  and  delicate  double  mem¬ 
brane,  which  lies  under  the  dura  matcr^  and  im¬ 
mediately  covers  the  fubftance  of  the  brain. 

S 

Sauciffe^  orfaufage,  is  a  little  roll  ofipitched 
cloth,  2  inches  in  diameter,  filled  with  good 
powder,  and  having  a  (low  fufee  faftened  to  it. 
It  reaches  quite  to  the  chamber  of  the  mine,  and 
is  ufed  to  fet  it  on  fire. 

Syfloky  that  motion  of  the  heart,  by  which  it 
contrads  itfelf.  It  is  oppofite  to  the  diajiole^  -by 
which  it  dilates  itfelf. 
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Acorn  from  Cofomandel  *—  328 

Air,  the  dilatation  of  it  by  boiling  water  confidered. 
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- - — -  Experiments  on  the  elajiicity  of  it,  •  35  O 

America,  remarks  on  the  navigation  of  its  coajls,  125 

Amplitude,  what  it  is~  15 

Animalcules,  the  multiplication  of  them,  10 

Aftaboras  of  the  ancients  thought  to  be  the  Tacaze.  1 37 
Aftape  of  the  ancients  thought  to  be  the  Dender.  138 

Atbara,  a  'name  given  to  the  Tacaze®  ib, 

Atmofphere,  the  weight  of  it,  220 

Aurora  borealis  feen  at  Berlin.  13 
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Baker’s  cellar,  the  fatal  effe^s  of  fame  vapours  there-,  329, 
Barometer  obferved,  22,95,  171,  360,  364 
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- a  new  one  defcribed,  96 
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compared,  177 
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Baromctical  obfervatlons  St.  Baum,  end  the  neigh¬ 


bouring  mountains  •  142 

■  I - - —  in  fever  al  places  compared.  229 

Batavia,  the  difference  of  the  milk  of  European  women 
there.,  and  that  of  Negrefles.  1 2 

St.  Baum,  barometical obfervatlons  made  there ^  142 

Beguignes,  the  height  of  it»  1 42 

Berlin,  aurora  hort2X\sfeen  there.  133 

Bezoar,  obfervatlons  on  it.  369 

Bernard  the  hermit,  a  fort  of  fijh.  326 

Bicuiba,  a  fort  of  nut,  its  virtues.  329 

Bitumen  contained  in  the  fea-water.  342 

Boca  Chica,  its  latitude,  152 

Blood ,  circulation  of  it  in  infeSls,  1 1 

Bolonia,  the  difference  of  its  meridian  from  that  ^  Paris. 
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Bombs  confdered.  .  84 

Brazil,  its  poftion  in  the  maps  erroneous.  1 30 

Burning-glafl'cs  of  the  ancients.  88 

c 

Cancellus,  a  fort  of fjh.  326 

Cancers  cured.  329 

Candace,  the  common  name  of  the  queens  ofVltxot,  130 
■  Cape  Horn,  its  poftion  in  the  maps  erroneous.  128 

Cartefian  fyfem  of  the  caufe  of  gravity  vindicated.  201 

Carthagena,  its  latitude.  153 


Catarrh,  an  epidemical  one,  which  fucceeded  a  thaw,  313 
Cats,  the  particular fruiiure  of  their  eyes.  192 

*— —  plunged  in  water,  the  effect  on  their  eyes  confdered. 

193 

Centring  well  the  objeSl-glafs  of  a  telefcope,  the  neceffity 
of  it.  ^  366 

Chamaorpurr,  afortoffoell-fjh,  322 

Circulation  of  blond  in  infedls.  1 1 

Cobivebs,  how  made.  ■  33 

Cold,  cominy  with  a  fouth  wind,  165 

Colick  eafed  329 

Coromandel,  a  fort  of  acorn  from  that  cou?itry.  328 

Crabs-eyes,  ohfeivations  on  them,  245 
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Cryftal,  a  dijfertation  on  it, 

Cuttle-fifh,  the  eggs  of  it  confidered, 
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244 

81 
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87 


Declination  of  the  needle  ohferved.  23,  ^7^9 

o  I  r  ”260 

Dender,  a  confider able  river  f  owing  into  the 'HWt,  ^  137 

—  thought  to  be  the  Aftape  of  the  a?2cients,  i  qS 
Dunkirk,  the  tides  obferved  there,  j 
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Echo,  a  remarkable  one  near  Vtrdun,  00  j 

Eclipfe,  of  the  moon  at  Nuremberg,  Genoa,  'and  Mar- 
feilles.  r 

'  r.  ‘  1'  rr'  •  3^^ 

^  ■  Jun  in  different  countries* 


Egagropilae,  what  they  are, 

Ethiopia,  the  maps  of  that  country  very^  erroneous. 
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Fire,  conjeSlures  on  the  matter  of  it. 

Fire-arms  differently  charged, 

Fifhes  petrified. 

Flints,  their  generation. 

Fluids,  the  evaporation  of  them  in  cold  weather. 
Flux  and  of  the  fia  ohfierved  at  Dunkirk. 

Friction,  light  of  bodies  produced  thereby, 
Frofls,  fome  effedis  of  them, 
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381 
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Galets,  a  firt  ofjiones,  ■  ^ 

Genoa,  difference  of  its  meridian  from  thofe  ^/^Marfedles 
Nuremberg.  . 

— - from  that  of  Paris.  o  j  - 

Gla/Tes,  why  the  tenderejl  are  leaJifubjeSi  to  break  by  fire.b-t 
Glafs  ware  <7/India. 
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Gojame  faljly  fuppofed  to  be  the  Meroc  of  the  dncunU,  1 33 
Golfo-trifle,  obf  ervatiens  made  there.  1 49 

Gravel  expelled  from  the  kidnies.  17, 

Gravity,  the  Cartefian  fyjicm  of  the  caufeof  It  vindicated. 

201 

Gueguere  fafy  fuppofed  to  be  the  Meroe  of  the  ancients. 
Guerre,  a  city  i/' Ethiopia.  141 

Gunpowder,  the  effedl  of  it.,  chiefly  in  mines.  44 

H 

two  in  a  pullet.  167 

Hogs,  injurious  to  cray~fijh, '  25 O 

Hoiizon  of  the  fea,  the  irregularities  of  its  apparent  de- 
prejfion.  27 

- - the  apparent  depreffion  of  it.  j  46 

Horfes,  a  method  of  flopping  them  fuddenly,  91 
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I 

Ice,  vohy  it  melts  fajler  in  vacuo,  than  in  air.  67 

i —  at  Copenhagen,  its  thicknefs  in  the  hard  zuinter  of 
1709.  '  167 

—  the  thicknefs  of  it  on  the  Thames  in  1683.  ibid. 

Iguana,  a  fort  of  lizard.  '  12 

India,  the  glafs- ware  of  that  country.  328 

Infects,  circulation  of  the  blood  in  them.  .  1 1 

- -  an  extraordinary  fort.  344 

•  -  uponfnails.  376 

Ifland,  a  new  one  near  Santerini.  7^ 

L 

Latitude  ^  Bocachica.  152 

•  - - Carthagena.  15. 3 

•  - Fort  St.  Louis  in  Domingo.  155 

- - Santa  Mar  the.  150 

•  - - - Martinico.  156 

- - —  Porto- Cabei Ho.  149?  150  * 

- - - — Porto-Bello.  15 1 

- St.  I'homas  Ifland.  155 

I  Lepas, 
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Lepas,  a  fort  of  Jhell-fjh.  322 

Light  of  bodies  produced  by  friction,  3 

of  the  barometer,  23 

- - conjediures  on  the  matter  of  it.  287 

Limat,  a  river  of  Switzerland,  the  augmentation  and  di¬ 
minution  of  it  obferved.  ^  177 

Limpet,  a  fort  of  Jhell-fJh.  322 

Longitude  ^Carchagena.  153,  154,155 

- - Martinico.  157 

* - - Porto- Bello.  15  I 

St.  Louis,  a  fort  in  St.  Domingo,  its  latitude,  155 

Lyons,  the 'quantity  of  rain  obferved  there,  176 

M 

Machine  to  retain  the  wheels  which  ferves  to  raife  the 
rammer  to  drives  piles.  23 

Malaca,  the  air  dilates  otherwife  there  than  in  France. 

Map  of  a  country,^  anew  way  of  conf  uEling  it.  1 4 

Marfeilles,  difference  of  its  meridian  from  thofe  of  Genoa 
Nuremberg.  316 

St.  Mar  the,  its  latitude.  15O 

Martinico,  its  latitude,  156 

Mcroe,  conjectures  on  the  poftion  of  that  iftdnd,  13O  • 

-  ■—  governed  only  by  queens.  ibid. 

- -  its  true fituation.  ^32?  1 35 

- - not  an  if  and  but  a  peninfula.  1 32 

- - Jffp^dled  by  fome  to  be  animaginary  if  and,  134 

— — —  its  dijiance  from  Sycne.  1 36 

- -  its  pofttion  by  the  climates,  137 

- by  what  rivers  formed,  ibid. 

- - its  figure.  138 

Milk,  the  difference  between  that  ^/'European  women  and 
Negrellcs.  12 

Mines,  the  effect  of  gunpowder  in  them.  44 

Montpellier,  the  difference  of  its  mei'idian  from  that  of 
Par'S.  316 

Moon  eclipfed at  Nuremberg,  Genoa,  and  Marfeilles.  316 
M  ot  io  n  pregreffive  of fiver  a  I fpecies  of fhell-fjhes ,  3  2 1 

Mountaia-s,  the  origin  of  them.  77 
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Mufcles  of  the  pond.  346 

- - -  a  little  fhell-fj})  that  feeds  upon  them,  7  5 

Mufick,  an  extraordinary  cure  performed  by  it,  9,  68 

N 

Needle  magnetical,  its  declination  23,  95,  105,  125, 

150,  152,  155,  172,  315,  360 

Negrefics,  the  difference  between  their  milk  and  that  of 

European  women.  12 

Nile,  the  fources  of  it  where  fituated.  133 

Nuremberg,  the  variation  of  the  needle  obferved  the7‘e.  315 

- - difference  of  its  ?neridian  from  thoje  of  Mar- 

feilles  Genoa.  316 
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Objef^-glafs  of  a  telefcope.,  the  necefftty  of  centring  it  well.  366 
OffiQksffome  fadts  in  them  explained,  190 
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Palourde,  a  fort  of  jhell-ffn,  324 

Patella,  a  Jort  of  jhell-fijh.  322 

Pendulum,  the  length  of  it  at  Porto-Bello,  15 1 

■ . .  . . . . .  Martinico.  160 

Piles,  a  machine  to  retain  the  wheels  which  ferves  to  raife 
the  rammer  to  drive  them.  23 

St.  Pilon,  barometrical obfervations  made  tloere.  142 

Pont-hriand,  the  weather  obferved  there.  17  3 

Porto-Bello,  its  longitude  and  latitude.  r 

Poito-cabeillo,  obfervations  made  there.  149 

Port  de  Paix,  St.  Domingo,  its  longitude.  160 

ProgrelTive  motion  of  fever alfpccies  of  Jkellfjhes.  321 

Pullet  with  two  hearts.  167 

Purr,  a  jort  ofjhell-fjh,  322 


R 

Rain,  the  quantity  of  it  obferved.  ic)y  93,  170,  173,  176, 

356, 361, 363 
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Santerini,  a  new  tjland  near  it,  ■  13,  71 

Sea,  the  phyftcal  htfloryi  of  it.  •  337 

- nettles^  their  progr  'e^ve  inotion.  323 

- urchins^  confider  at  ions  on  their  legs,  168 

Seine,  why  it  was  not  entirely  frozen  in  the  hard  winter  of 
1709.  '  •  166 

Shagreen,  an  account  of  it,  165 

Shells  inclofed  in  fone.  •  •  66 

- - of  land  and  water  animals^  how  they  are  formed  and 


grovj. 

Shell- fifh,  a  fmall  one  that  feeds  upon  mufcles, 

- -  the  progrejftve  motion  of  fever al  of  them. 

Sight,  the  principal  organ  of  it. 

Sluices,  a  new  confiru6lion  of  them,  • 

Snails,  their  generation. 

■  -  an  inject  upon  them. 

Solium,  a  worm  in  the  human  body. 

Sourdon,  a  fort  of  Jhell-fiJh,  ■ 

South- Tea,  a  voyage  thither. 

Spedtacles,  when  difcovered-. 

Spider,  the  circulation  of  blood  in  its  leg. 

- - -  obfervatwis  on  thefe  infers. 

■  - -  their  manner  of  making  their  webs, 

- their  manner  of  catching  files, 

- - their  different  fpecies. 

Spinner,  a  fort  of  fpider. 

Stone  expelled  from  the  kidneys. 

Stones^  thejea, 

-figured. 
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Su  n  eclipjed  in  dfferent  countries. 

—  a  luminous  circle  obferved  about  it, 

—  the  force  of  its  rays  in  pr  effing  and  pujhtng, 

—  the  effFcd  of  its  heat  on  a  pafie,  laid  upon  a  piece  of  po- 

I'Jhcd  glafs,  68 

Supprcffion  of  urine  12 

Switzerland,  a  great  deal  of  cryfial  found  in  the  mountains 
there.  8 1 

Sycne,  its  pofition,  136 
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Tacate,  a  conftderahle  river^'  that  flows  into  the  Niltf.  137' 


.  called  alfo  Atbora.  '  138 

- - —  thought  to  be  the  Aftabora  of  the  ancients*  1 37 

found  in  a  tench ^  344 

Talc,  chfervatlonsonafortoflt,  ,  408 

Tarantula,  a  fpecies  offplder,  -  42 

Telefcope,  thenecejfity  of  centring  wellits  ohjeSl^glafs,  366 
Tench,  a  tsenia  found  in  one,  344 


Terra  del  Fucgo,  rentarks  on  the  navigation  of  its  coafts* 
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Thermometer  dbferved, 

$t.  Thomas  iflandits  latitude. 
Thunder  confldered. 

Tides  ohferved  at  Dunkirk. 
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Vapours  In  a  baker's  cellar,  the  fatal  effeSls  of  them,  329 


Veficaria  Marina  not  the  eggs  of  the  cuttle  fjh,  87 

yi{\Q>v\^  the  principal  organ  of  it,  .  198 
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W 

^t^-\n^\ts^ohfervations  made  there,"  •  149 

Whelk  or  buccinum,  a  fort  of  JhellflJh.  325 

Winds  ohferved,  22,  95,  170,  174 

Woman  deliver edof  a  child,,  when  above  Soyears  of  age.^ig 
A Vood pecker,  ohfervations  on  its  tongue.  J83 

QkXTf\%  voided  hyflool.  II 

Wrong*  heir,  a  fort  of  fljh:  ’  326 
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Zurick,  hargmetrical  ohfervations  made  there. 
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BOOKS  Printed  for  J.  and  P.  Knapton, 
at  the  Crown  in  Ludgate-Jireet . 

.HE  WORKS  of  Samuel  Clarke,  D.  D. 


X  late  Rector  of  ^t,yames’s^  IVejlminfter.  With  a 
Preface,  giving  fome  Account  of  the  Life,  Writings, 
and  Character  of  the  Author,  hy  Benjamin  Lord  Bi-  . 
(hop  ot  IVincheJlcr.  In  Four  Volumes,  Folio. 

A  fmall  Number  is  printed  on  Large  Paper. 

The  Sermons  of  Dr.  Samuel  Clarke,  in  Two 
Volumes,  Folio:  Being  the  Firft  and  Second  Volumes  of 
his  Works;  containing  all  the  Sermons  publlfhed  in  his  ' 
Life-time,  and  his  Polthumous  Sermons. 

Homeri  Ilias  Grsece  &  Latine.  Annotationes  In 
ufum  Sereniflimi  Principis  Guliclmi  Ducis  de  Cumber¬ 
land  Regio  .Juflu  Scripfit  atque  Edidit  Samuel 
Clarke,  S.  'i\  P.  Editio  Tertia.  2  Vols.  05iavo. 

Homeri  Odyssea  Graece  Latine.  Item  Batra- 
chomyomachia,  Hymni  &  Epigrammata,  Homero 
vulgo  afcripta.  Edidit  Annotationes  ex  Notis  Nonnullis 
Manufcriptis  a  Samuel  Clarke,  S.  P.  defun£to 
relidis  partim  ' colledas,  adjecit  Samuel  Clarke, 
S.  R.  S.  2  Vols.  Quarto. 

A  finall  Number  of  Homeri  Odyjfea  is  printed  on 


Large  Paper. 


The  Analogy  of  RELIGION,  NATURAL  and 


REVEALED  to  the  Conftitution  and  Courfe  of  Na- 
'i'URE.  To  which  are  added.  Two  Brief  DifTertations  : 
1.  Of  f’erfonal  Identity.  II.  Of  the  Nature  of  Virtue. 
By  Joseph  Butler,  LL.D.  now  Lord  Bilhop  of 
Brijhl.  'Ehe  Third  Edition,  ^vo. 

Fifteen  Sermons  preached  at  the  Rolls  Chapel.  By 
Joseph  Butler,  LL.D.  now  Lord  Bifhop  of  BrijUl. 
The  Third  Edition,  Svo. 

The  History  of  England,  bv  Mr.  Rapin  de 
Thoyras.  Tranflated  into  Englijh^  with  additional 
Notes,  bv  N.  Tindal,  M.  A.  in  Two  Volumes, 
FcLo.  Price  ll.  2s.  in  Sheets. 


The 


BOOKS  Printed,  &c. 

The  Heads  of  the  Kings  and  Sovereign  Queens, 
with  fome  of  the  moft  Illuftrious  Princes  of  the  Royal 
Family,  engraven  with  Ornaments  and  Decorations,  by 
Mr.  Vertue  :  On  forty-two  Copper-Plates,  proper  to 
be  bound  with  Mr.  Rapin's  Hiftory.  Price  i  /.  is. 

The  Monuments  of  the  Kings,  with  their  Epi¬ 
taphs  and  infcriptions,  engraven  on  Folio  Copper- Plates, 
fit  to  be  bound  with  Mr.  Rapines  Hiftory.  Price  I2j.  6d, 

Mr.  ROLLINGS  Ancient  Hiftory  of  the  Egyptians^ 
Carthaginians^  Ajjyrians^  Babylonians^  Medes  and  Per- 
Jians^  Macedonians  and  Grecians.  Tranflated  from  the 
French.  In  Ten  Volumes,  in  i7.mo.  with  Frontifpieces 
beautifully  engraven,  a  Chronological  Table,  and  Co¬ 
pious  Index. 

Mr.  ROLLINGS  Hiftory  of  the  Arts  and  Sciences  of 
the  Ancients,  illuftrated  with  fifty  Copper-Places.  In 
Four  Volumes,  ^vo. 

The  Roman  History,  from  the  Foundation  of 
Rome.,  to  the  End  of  the  Commonwealth.  By  Mr. 
Rollin. 

The  Manners  and  Cuftoms  of  the  Romans.  I.  Of 
their  Manners  in  Private  Life,  their  Habits,  Orna¬ 
ments,  Buildings,  Chariots,  Feafts,  ^c,  II.  Of  their 
different  Kinds  of  Government  and  Magiftrates.  III. 
Of  the  Revenues  and  Forces  of  the  State  ;  and  of  War, 
IV.  Of  their  Religion,  Shews,  and  Cuftoms,  obferved 
in  them.  Tranflated  from  the  French,  ^vo.  Price  5  s, 

Quintiliani  Inftitutionum  Oratoriarum  Libri 
XII.  ad  ufum  Scholarum  accommodati,  recifis  quae 
minus  necefl'aria  vifa  funt,  &  brevibus  Notis  illuftrati  ; 
a  CAROLO  ROLLIN,  87;^. 

Selecta  Poemata  Italorum  qui  Latine  fcrip- 
ferunr.  Cura  cujuidam  Anonymi  Anno  1684.  congefta, 
iterum  in  lucem  data,  una  cum  aliorum  Italorum 
operibus.  Accurante  A.  POPE.  2  Vol.  pret,  6  r. 

The  Principles  and  Connexion  of  Natural  and 
Revealed  P.eligion  diftinclly  confidered.  By 
Arthur  Ashley  Sykes,  D,  D.  %vo. 


The 


BOOKS  Printed.  Be.' 

The  Religion  of  Nature  Delineated.  The 
6th  Edition.  To  which  is  added  a  Preface,  containing 
a  General  Account  of  the  Life,  Charadier  and  Wri- 
tings  of  the  Author,  4^to. 

Reflexions  upon  Learning  ;  wherein  is  fliewn 
the  Infufficiency  thereof,  in  its  feveral  Particulars,  in 
order  to  evince  the  Ufefulnefs  and  Neceffity  of 
Revelation.  The  Seventh  Edition, 

Military  Memoirs  and  Maxims  of  Marflial  Tu  r  e  N N  E . 
Interfperfed  with  others,  taken  from  the  beft  Authors 
and  Obfervation,  with  Remarks.  By  A.  Williamson, 
Brigadier-General.  Price  2  r.  bd. 

A  Preservative  againil  Popery,  in  feveral  fe- 
ledt  Difeourfes  upon  the  Principal  Heads  of  Controverfy 
between  Frotejiants  Papijis :  Written  and  publifhed 
by  the  moft  eminent  Divines  of  the  Church  of  England,, 
chiefly  in  the  Reign  of  King  James  II.  InThrte  Vo¬ 
lumes  Folio, 

A  Treatife  concerning  Eternal  and  Immutable  Mo¬ 
rality.  By  Ralph  Cudworth,  D.  D.  formerly 
Mailer  of  ChrljF s- College  in  Cambridge.  With  a  Pre¬ 
face  by  the  Right  Reverend  Edward  Lord  Bifhop  of 
Durham. 

A  Defence  of  Natural  and  Revealed  Reli¬ 
gion  :  Being  a  Colledlion  of  the  Sermons  preached  at 
the  Lcdlure  founded  by  the  Honourable  Robert  Beylc^ 
F^fq  ;  In  I'hrce  Volumes,  Folio. 

The  Military  Hiftory  of  C  K  A  R  L  E  S  XII.  King 
of  SWEDEN.  Written  by  exprefs  Order  of  bis 
Majcfly,  by  M.  G  U  S  T  A  V  US  A  D  L  E  R  F  E  L  D, 
Chamberlain  to  the  King.  To  which  is  added  an  ex¬ 
act  Account  of  the  Battle  cf  Pultcwa^  wnth  a  Journal 
oi  the  King’s  Retreat  to  Bender,  iiluflrated  wi:h  the 
Plan  of  Sieges  and  Battles.  In  Three  Volumes,  %vo. 

Rch.^ult’s  Svftem  of  Natural  Philofophy,  with 
Dr.  Samuel  Clarke’s  Notes.  "I'ranflated  by 
John  Clarke,  D.  D.  Dean  of  Sarum.  I'wo  Vo¬ 
lumes,  ,%VQ. 


